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winding wires are ideal for high- 
speed winding and for jobs where 
abrasion ts likely. They can be 
stretched, twisted and even flattened 
without damage to the insulation. 
Publication No. 322 obtainable 


from any BICC Office gives full 


details of * Bicalex ° Winding Wires. 
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EDISWAN 


Staffs of Electrical and Electronic 
Laboratories and Test Rooms frequently 
design and construct their own units for 
supplying stabilised D.C. power; but 
for most general needs it is cheaper 
and more satisfactory to purchase an 


Stabilised Power Supply Units 


Ediswan Unit. Type R.1095 covers the 
range 120-250 volts, and type R.1103 
250-400 volts. Both units work from 
A.C. mains supply and are designed 
for standard 19” rack mounting or for 
bench use. Meters are included. 
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PRICES 


R.1095 §=£27- 10-0 
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Full details on request 


PUUTTEULLITELLLLEELLLLeeeLLL CELLET 7 








BRIEF SPECIFICATIONS 


Input. | 
Output. 


Stability. | 


Output Resistance. 
Ripple. 
Output Circuits. 


Mounting. 


Input. 
Output. | 


Stability. 


Output Resistance. 
Ripple. 
Output Circuits. 


Mounting. 


Type R.1095 
200-250 volts, 40-100 c.p.s. 

High stability, D.C. output 120-250 volts at 0-50 mA 
and an unstabilised 6.3v. A.C. 3 amp. heater supply. 
A 10v. change in mains input results in an output 
change of less than 0.15 volts. 

A change from zero to full load results in an 

output change of less than 0.15 volts. 

Less than 3 ohms. 

Approximately 2mV R.M.S. 

All circuits isolated from earth. Heater supply can 
be operated at up to 500 volts from earth. 





The unit is designed for standard rack mounting 
or for bench use. Plated bench stands are 

| available if required. 

| 


| Type R.1103 
| | 200-250 volts, 40-109 c.p.s. 


High stability, D.C. output 250-490 volis, adjustable 
n three ranges. Maximum load is 200 mA up to 
350 vol's and 150 mA from 350 volts to 490 vale: 


| In addition two unstabilised 6.3 volt A.C. heater 
| supplies are provided. 

A 10 volt change in mains input voltage results 
in an output change of less than 0,15 volts, 

A change from zero to full loads results in an 
output change of less than 0.4 volts. 

Less than 2 ohms. 

Approximately 5mV R.M.S. 

All circuits isolated from earth. Heater supply can 
be operated at up to 500 volts from earth. 

The unit is designed for standard rack mounting, 
} or bench use. 








Illustration shows Ediswan Stabilised Power Supply 
Units type R.1095 and R.1103, rack mounted. 
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Member of the A.E.I. Group of Companies Telegrams: Ediswan Westcent, London 
SP114 
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CLASSIFIED ANNOUNCEMENTS 


The charge for these advertisements at the LINE RATE (if under |” or 12 lines) is: Three lines or under 7/6, each additional line 2/6. 


(The line averages seven words.) Box number 2/- extra, except in the case of advertisements in ‘‘S 
free of charge. At the INCH RATE (if over |” or [2 lines) the charge is 30/- per inch, single 


Financial Reports £14, 0s. 0d. per column. A remittance must poms eee 4 the advertisement. 


: “ Electronic Engineering,”’ 28, Essex Street, Strand, London, 


-C.2. 
month for insertion in the following issue. 


ituations Wanted,’’ when it is added 
I Prospect and Company’s 
Replies to box numbers should be addressed 





Advertisements must be received before the l4th of the 





OFFICIAL APPOINTMENTS 


ASSISTANTS (SCIENTIFIC). The Civil Ser- 
yice Commissioners invite applications for pen- 
gionable posts. Applications may be accepted 
up to 3ist December, 1954, but early appii- 
‘cation is advised as an earlier closing date may 
be announced either for the competition as a 
_ whole or in one or more subjects. The Inter- 
view Board will sit at frequent intervals. Age 
at least 174 and under 26 years of age on Ist 
January 1954, with extension for regular service 
in H.M. Forces, but candidates over 26 with 
specialized experience may be admitted. Can- 
didates must produce evidence of having reached 
a prescribed standard of education, particularly 
in a science or mathematical subject. At least 
two years’ experience in the duties of the class 
gained by service in a Government Depart- 
ment or other civilian scientific establishment 
or in technical branches of the Forces essential 
in one of the following groups of scientific sub- 
jects:— (i) Engineering and physical sciences; 
(ii) Chemistry, bio-chemistry and metallurgy; 
(iii) Biological sciences; (iv) General (including 
geology, meteorology, general work ranging 
over two Or more groups (i) to (iii) and highly 
skilled work in laboratory crafts such as glass 
blowing). Salary £250 (at 18) to £520 (men) 
or £435 (women). Starting pay up to £380 
(men) or £340 (women) at 25. Somewhat less 
in p ovinces, Opportunities for promotion. 
Further particulars and application forms from 
Civil Service Commission, Scientific Branch, 
3 “ Burlington Street, London, W.1, auoting 
lo. WwW 


ASSISTANT TECHNICAL SUPERVISORS 
tequired by the Nigerian Broadcasting Service 
for two tours of 15 to 18 months each in the 
first instance. Salary scale (including expatri- 
ation pay) £807 rising to £1,115 a year. Gratuity 
at the rate of £100/£150 a year. Outfit allow- 
ance £60. Free passages for officers and wives. 
Assistance towards cost of children’s passages 
or grant up to £150 a year for their maintenance 
in U.K. Liberal leave on full salary. Candi- 
dates should have some administrative ability 
and have had wide theoretical and practical ex- 
perience of low-frequency amplifiers and radio 

luipment. Write to the Crown Agents, 4 

illbank, London, S.W.1. State age, name in 
block letters, full qualifications and experience 
and quote M2C/30482/EK. W 2300 


ATOMIC ENERGY RESEARCH ESTABLISH- 
i » Harwell. Opportunities exist on a 
wide variety of mechanical, electrical, electro- 
anical, _electronic and chemical plant 
work, including checking duties on electronic 
and electro-mechanical work. Vacancies exist 
in the Draughtsmen, Leading Draughtsmen and 
Senior Draughtsmen grades, with salary 
maxima £640, £742 and £910 respectively. 
Further details (including information on 
Starting pay) and application forms available 
on_ request from Establishment  Offficer, 
A.E.R.E., Harwell, Berkshire. (Quote 2/103/ 
98.) W 2258 
BBC requires Engineer for Cinefilm Equipment 
Unit, in London. Applicants should be quali- 
td engineers, preferably with Degree in elec- 
trical engineering or physics and should have 
had considerable practical experience in use of 
ern high-grade cinematographic equipment, 
rough knowledge .of the pvinciples of its 
design and of associated techniques relating to 
, and of application of films for television 
Purposes. First class technical knowledge of 
Such equipment and practice including use of 
Picture and sound recording cameras, projec- 
tors, film stock, film processing, etc., and good 
knowledge of principles of television are called 
- Experience in direction of other engin- 
ts desirable. Duties include planning, speci- 
tion, ordering and testing of such equip- 
ment and conduct of correspondence. Starting 
Salary £990 rising by annual increments to 
£1,320. Apply: E.E.0.. B.B.C., London. W.1, 
quoting ref. E.943. E.E. W 2246 


BBC requires Engineer for Cinefilm Equipment 
Unit in London. Applicants should have 
University Degree in electrical engineering or 

ysics or equivalent qualifications and good 
technical knowledge of modern cinerhato- 
Staphic practice, including picture and sound 
Tecording cameras, projectors, film stock, film 
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processing, etc. Duties include planning, speci- 
fication, ordering and testing of equipment and 
conduct of correspondence. Starting salary 
£645 rising by 5 annual increments to £880. 
Apply: E.E.O., B.B.C., London, W.1, quoting 
ref. E.940. E.E. W 2247 
BBC requires Engineer for Television Unit, 
Studio “Equipment Section, in London. Appli- 
cants should have University Degree in electrical 
engineering or physics or equivalent qualifi- 
cations and knowledge of principles of design 
of high grade cinematographic equipment, 
Fg aged with practical experience in use of 

in relation to television, and good know- 
ledge of principles of television. Duties include 
specification, ordering, testing of equipment 
used for transmission of and making films 
(telerecordings) from television pictures, and 
under supervision planning, estimating and 
execution of projects involving this type of 
equipment, and _ liaison with manufacturers. 
Starting salary £645 rising by five annual in- 
crements to £880. Apply: E.E.O., B.B.C., 
London, W.1., quoting ref. E.941.E.E. W 2248 


BRITISH EUROPEAN AIRWAYS require 
engineers for the maintenance, overhaul and 
development of Electronic Flight Simulators. 
Applicants must have a fundamental knowledge 
of electronics; experience in the field of servo 
mechanisms, repeaters and in dealing with large 
scale equipments is desirable. Salary during 
familiarization period of six months will 

£569 per annum, rising to range £608-£725 per 
annum. Additional payments made for any 
required shift working. Written applications 
to Personnel Officer, Flight Operations Depart- 
ment. BE.A.,  Keyline House, Ruislip, 
Middlesex. W 2159 


LABORATORY TECHNICIAN FEMALE re- 
quired for the Electron Microscopy laboratory, 
Biophysics Department, National Institute for 
Medical Research, The Ridgeway, Mill ill, 
N.W.7. Minimum qualifications G.C.E. ad- 
vanced level or inter B.Sc. Physics or Biolo- 
gical Laboratory experience desirable. Salary 
according to age and experience. Permanent 
superannuated post after satisfactory proba- 
tionary period. 3 weeks holiday per year. 
Apply in writing to Administrative Officer at 
above address stating age and experience. 
(Quote ref. AD/38.) W 2279 


MEDICAL RESEARCH COUNCIL have’ a 
vacancy at National Institute for Medical 
Research, Mill Hill, London, N.W.7, for physics 
graduate (male or female) to work in electron 
microscopy laboratory of Biophysics Division. 
The work involves collaboration with biologists. 
Previous experience not essential. Appointment 
will be for three years in first instance (subject 
to review after one year). Commencing salary 
will be determined by qualifications and ex- 
perience. Applications, giving full personal 
particulars (including details of academic career 
and references to any scientific publications), 
and names of two professional referees, to the 
Director. W 2306 


NORTHAMPTON’ POLYTECHNIC,  E.C.1. 
Instrument Department. Instrument workshop 
Technicians required. Experience of Elec- 
tronic Chassis wiring and assembly. Perma- 
nent. 44 hr. week. Varied interesting work. 
5 weeks’ paid holidays. Scale £393 15s. to 
£493 15s. Write, with full particulars to Secre- 
tary. W 2287 


PROFFSSIONAL ENGINEERS IN VARIOUS 
GOVERNMENT DEPARTMENTS. The Civil 
Service Commissioners invite applications for 
pensionable posts in a wide variety of mechani- 
cal and electrical engineering duties. Pro- 
visionally the latest date for applications is 
31st December, 1954 but an earlier date may be 
announced and early application is advised. 
Candidates must be under 35 on Ist January 
1954, with extension for regular service in H.M. 
Forces and up to two years for permanent civil 
service. For the Post Office they must be at 
least 21, for the Ministry of Supply and 
Ministry of Transport and Civil Aviation at 
least 23, and for all other department at least 25 
on that date. Generally a candidate must pos- 
sess a University Degree in Engineering or be 
a Corporate Member of one: of the professional 
institutions — Mechanical Engineers, Electrical 


Engineers, or Civil Engineers, or have passes in, 
or exemption from, Sections A and B of the 
corresponding Associate Membership exami- 
nations. Exceptionally candidates of high pro- 
fessional attainment, but without the specified 
qualifications, may be admitted. For some 
posts Associate Fellowship. of the Royal 
Aeronautical Society or an Honours Degree in 
Physics or oy will be oes. London 
salary scale (men) £650 (at age 25) to £1,000. 
Starting salary according to age up to £900 at 
34. Candidates omens below age 25 will 
start at salaries varying from £450 at age 21 
to £570 at age 24. Prospects of p omotion. 
Salaries of next higher grades are £1,000-£1,320 
and £1,375-£1,575. Somewhat lower for women 
and in the provinces. Further particulars and 
application forms from Civil Service Com- 
mission, Scientific Branch, 30 Old Burlington 


Street, London, W.1, quoting No. S85/54. 
W 2296 


RUNWELL MENTAL’ HOSPITAL, near 
Wickford, Essex. Electroencephalographer re- 
quired for maintenance and development of 
well-equipped Department. Salary 
according to qualifications and experience. 
Applications with full particulars and copies of 
testimonials or names of referees to Secretary 
by 14th August. W 2270 


THE MEDICAL RESEARCH COUNCIL has 
a vacancy for a technician with qualifications 
and experience in electronic engineering. The 
work will include the maintenance of the 
8MeV Linear Accelerator and its associated 
equipment, the construction of new equipment, 
and assistance with experimental work. Salary 
according to age and experience. Applications 

the Director, Radiotherapeutic Research 
Unit, Hammersmith Hospital, Ducane Road, 
London, W.12. 2280 


THE ATOMIC WEAPONS RESEARCH 
ESTABLISHMENT, Fort Halstead, Kent, re- 
quires an Engineer (main grade), to control 
workshops engaged on manufacture of a wide 
range of Experimental Electronic Equipment, 
with direct control of allocation, pro- 
gress and inspection of all work. These shops 
include mechanical, electronic, plating and 
spraying, transformer construction and im- 
pregnation, and also dispersed laboratory work- 
shops. Applicants should have served a recog- 
nised engineering apprenticeship and be cor- 
porate members of either the Institution of 
Electrical or Mechanical Engineers, or have 
exempting qualifications. Previous experience 
in the small quantity production of electronic 
equipment from samples, sketches and detailed 
drawings is essential. The salary range is 
£960 rising to £1,240 per annum. Although 
the post will initially be located at Fort Hal- 
stead, it will later be at Aldermaston, 
Berkshire, where houses will be available with- 
in a reasonable period for married staff who 
live outside the radius of the establishment’s 
transport facilities. Application form 

Admin. Officer (Recruitment), A.W.R.E. 
Aldermaston. _ Berkshire. Quote reference 
165/W.G.E. /42. W 2320 


TONE VALE GROUP HOSPITAL MANAGE- 
MENT COMMITTEE, Norton  Fitzwarren, 
Taunton, Somerset. Applications are invited 
for the appointment of Electro-Encephalography 
Recordist Grade 1, at Tone Vale Hospital. 
Whit'ey Council Salary scale viz. £500 x £20 
— £620 per annum, plus technical maintenance 
allowance of £25 per annum. Apov'y, with 
names of two referees to the Group a 


UNIVERSITY OF GLASGOW. Lectureship in 
Electrical Enginering. App'ications are invited 
for a Lectureship in lectrical Engineering. 
Salary Scale: £500 x £50 — £1,100 Initial 
salary according to experience and qual ’fi- 
cations. F.S.S U. and family allowance benefits. 
Teaching experience essential. Special know- 
ledge of theory and operation of electrical 
machinery required. Applications (five copies), 
including the names of three referees, should 
be lodged not later than 30th June, 1954, with 
the undersigned, from whom further particu- 
lars may be obtained. Robt. T. Hutcheson, 
Secretary of University Court. 2211 
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OFFICIAL APPOINTMENTS (Cont'd.) 


VACANCIES exist for technical staff engaged 
on calibration, installation, servicing and 
maintenance of electronic equipment used for 
nuclear radiation measurements and associated 
test equipment. Applicants should have served 
a recognised engineering apprenticeship or hold 
equivalent technical qualifications and have had 
training and experience in electronics. They 
should be conversant with conventional elec- 
trical and electronic measurin; paratus. Pos- 
session of Ordinary or Higher National 
Certificate, or equivalent City ond Guilds 

Certificates, with a knowledge of pulse tech- 
nique circuitry (e.g., radar) would be advan- 
tageous. Five-day week of 44 hours (net). 
Salary: Technical Grade II £635 (linked to age 
30)—£742 per annum. Technical Grade III 
£510 (linked to age 26)—£640 per annum. 
Application forms and further information 
available on request from Establishment 
Officer, A.E.R.E., Harwell, Nr. Didcot, Berk- 
shire (quoting reference 2/103/103). W 2257 


WIRELESS STATION SUPERINTENDENTS 
required by the Nigeria Posts and Telegraphs 
Department for one tour of 18 to 24 mon 

in the first instance. Option of appointment 
(a) on temporary terms with salary scale (in- 
cluding Expatriation pay) £864 rising to £1,392 
a year. Gratuity at the rate of £100-£150 a 
year, or (b) with prospects of pensionable 
employment with. salary scale (including 
Expatriation pay) £750 rising to £1,175 a year. 
Outfit allowance £60. Free passages for officer 
and wife. Assistance towards cost of children’s 
Passages or grant up to’ £150 annually for 
maintenance in Liberal leave on full 
salary. Candidates must have had wide prac- 
tical experience of modern radio techniques 





and equipment, in particular V.H.F. equip- 
ment, and preferably also V.H.F. multi- 
channel ._oo Write to the Crown 
Agents, illbank, London, S.W.1. State 


age, name in block letters, full qualifications 
and experience and quote nies 5 


WORKSHOP FOREMAN required for the 
Nigerian Broadcasting Service for two tours of 
15/18 months each in the first instance. Salary, 
etc., in scale £807 rising to £1,115 a year. 
Gratuity £100/£150 a year. Outfit allowance 

Free passages for Officers and wives. 
yo a towards cost of children’s passages 
or grant up to £150 annually for their main- 
tenance in U.K. Liberal leave on full salary. 
Candidates should be experienced Machinists, 
and familiar with all types of machine tools 
and «with workshop organisation. Ability to 
read circuit diagrams advantageous. Write to 
the Crown Agents, 4 Millbank, London, S.W.1. 
State age, name in Block Letters, full quali- 
fications and experience and quote M2C/3- 
0481/EK. W 2273 





‘ SITUATIONS VACANT 


The engagement of persons answering these 
advertisements must be made through a Local 
Office of the Ministry of Labour or a Scheduled 
Employment Agency if the applicant is a man 
aged 18-64 inclusive or a woman aged 18-59 
inclusive unless he or she, or the employment, 
is excepied from the provisions of the Notifica- 
tion of Vacancies Order, 2. 








A CANADIAN TELECOMMUNICATIONS 
MANUFACTURER has vacancies for qualified 
Engineers with at least five years’ design ex- 
perience in one or more of the following fields: 
Communications Measuring equipment, Tele- 
vision Test equipment, Precision Waveguide 
Components and Measurements, Modulation 
Techniques (including FM), Wideband I.F. and 
other V.H F. techniques, Microwave Antennae 
design, Telecommunications Systems design. 
These appointments are in connexion with long 
term development of equipment primarily for 
commercial applications. Salaries $6,000 up- 
wards according to experience and qualifications. 
Transportation for family to Canada will also 
be provided. Applications, giving full details 


of age, experience and qualifications, should be 
addressed to Dept. C., Dept. of Labour of the 
Government 

London, W.1. 


Green Street, 
W 2339 


of Canada, 61 











ELECTRONIC ENGINEERING 


A DEVELOPMENT ENGINEER is required 
for work on g metal seals and glass en- 
velopes for lamps, valves and semiconductor 
devices, and for development of glassworking 
processes and equipment. The post offers wide 
scope for initiative and originality, in a_rela- 
tively new branch of engineering. Candidates 
should preferably have a Degree or Higher 
National Certificate in engineering or glass 
technology or an equivalent qualification. Prac- 
tical engineering experience is desirable, but 
this need not be in glass. Apply quoting refer- 
ence S.J.I., to the Director of Research, The 
British Thomson-Houston Co. Ltd., Rugby, 


A LARGE TELECOMMUNICATION MANU- 
FACTURING ORGANIZATION have _im- 
mediate vacancies for one Sénior and one 
Junior engineer for interesting development 
work on transistor circuitry. Experience not 
essential, but would be an added qualification. 
Further vacancies exist for engineers to work 
on the development of saultichannel communi- 
cation systems. Good salaries offered depend- 
ing on age and experience. Apply in writing 
eons, & as, — and salary required to 


AN ha OR PHYSICIST is required in 
our Research and development department for 
work on aircraft and other specialized equip- 
ment. Energy and drive essential and appli- 
cant must be capable of carrying out original 
ideas and be able to work on his own initiative. 
Degree desirable. Salary according to experience 
and qualifications Please write giving full 
particulars to Personnel Officer, Louis Newmark 
Ltd., Prefect Works, Purley Way, Croydon, 
quoting reference i W 2307 


AN ELECTRONIC OR ELECTRICAL ENGIN- 
EER, between the age of 25 and 35 years 
of Degree Standard, is required to take charge 
of the engineering department of a factory 
engaged in the manufacture of frequency con- 
trol equipment. The successful applicant will 
be responsible for the design and specification 
of all new items as well as routine engineering 
problems. The position offers a wide scope for 
a on essing the necessary technical 
qualifications and initiative to expand the work 
along numerous channels. Houses can be made 
available to successful applicants. Apply in 
writing to Personnel Manager, Standard Tele- 
Phones and Cables Ltd., Crystal Factory, = 
dustrial Estate East, Harl low, Essex. W2 


AN OPPORTUNITY for RB me 
governed only by ability, exists in a newly 
ned Division of a world-wide organization in 
.W. Lancashire. A University or comparable 
Degree in electrical engineering is essential and 
experience in the use of radiation equipment 
and general instrumentation for process control 
would be of value. Although initially the 
servicing of installed instrumentation will be 
the ee 4 Tesponsibility, refinement of these 
controls, eir adaptation to new equipment, 
and the development of entirely new processes 
will be the final goal. Superannuation, bonus, 
and health schemes are all excellent but if 
these are of primary interest to you your appli- 
cation is not of interest to us. Faith that your 
own ability will determine your future is essen- 
tial. If you have this we will be pleased to 
arrange an interview. Box No. W. 2297. 


AN OPPORTUNITY occurs in progressive 
manufacturing concern in London area for 
Engineer aged 25/35 with electrical or physicist 
Degree, on development and research work on 
high frequency telecommunication cable and 
associated testing equipment. Salary will be 
commensurate with qualifications and experi- 
a el giving full particulars to Box No. 


A NUMBER of posts are vacant for men and 


women, in the research laboratories of Erics- 
son Telephones Limited, for Physicists, 
Physical emists and Electrical Engineers for 


work on audio frequencies, electronic switch- 
ing, nucleonic equipment, semi-conductors and 
valves. Write giving particulars of qualifications 
and experience to Personnel Officer, Ericsson 
Telephones Limited, Beeston, Nottingham. is 


APPLICATIONS are invited from Engineers 
and Draughtsman as shown hereunder: — (a) 
Design Engineers and Draughtsmen with ex- 
perience of design of Television, Services Com- 
munication equipment and/or Aircraft Acces- 
sories. (b) Tool Design Draughtsmen with 
“experience of small to medium class press tools, 
jigs and fixtures. The vacancies, which call for 
men of sound technical ability, ‘offer good pro- 
gressive positions. A good salary will be 
paid to the selected applicants and will be 
commensurate with previous experience. Appli- 


cations should be addressed, in the first 
instance, for the attention of Personnel 
Manager, The 


Plessey Company Limited, 
Vicarage Lane, Ilford, Essex. W 2310 


APPLICATIONS are invited from suitably. 
qualified persons for a senior position in the 
technical department of a lamp manufacturing 
organization. After an initial training period 
in the London area of approximately nine 
months, the successful applicant will be 
responsible for technical liaison between fac. 
tories in the Manchester area and the Technical 
Department and development laboratories in 
London. The work calls for high technical 
proficiency combined with considerable ad- 
ministrative ability. Candidates should have 
a University Degree or equivalent and prefer. 
ably some experience in the discharge Pm | 
or in the General vacuum physics field. Appli- 
cations should be made to the Personnel Officer, 
Osram-G.E.C. Lamp Works, Brook Green. 
Hammersmith, W.6. W 2318 


A PROMINENT and progressive industrial 
organization in the North-West is establishing 
a special school for the tuition and develop- 
ment of electronic engineers and app’ications 
are invited for the post of Principal. Applicants 
must have a University Degree and have had 
teaching experience. They must be up to date 
in modern electronic techniques, and the duties 
wi comprise the tuition of students of vary- 
ing ages and qualifications and the develop- 
ment of the necessary syllabuses to cover a 
full range of subjects in the electronic field, 
under the general guidance of a Board of 
Senior Officials. Good personality, teaching 
ability and a progressive outlook are essential 
and a salary commensurate with the position 
and _ individual qualifications will be paid. 
Applicants should write to Box No. 904 Dor- 
land Advertising Ltd., 18-20 Regent Street, 
London, S.W.1, giving full particulars of their 
qualifications, age, experience and approxi- 
mate salary sought. W 2291 


A SENIOR appointment will shortly be filled 


in the London Laboratory of a firm holding 
contracts in Guided Weapons and kindred 
fields. Engineers who wish to be considered 


for this vacancy should be Graduates and 
should have had some experience in industrial 
engineering laboratories. Some production 
engineering experience in addition to micro- 
wave electronic and/or servo experience would 
be an advantage. Starting salary will range 
according to age and ¢ ience and will be 

an a generous scale and will be subject P 
good increases, according to merit. Pension 
and Life Assurance schemes are in operation. 
— giving full details, in confidence to Box 
o 8. 





ATTRACTIVE opportunities are available to 
suitably qualified men for the Computor Sec- 
tion of The English Electric Company Ltd., 
Stafford Works. (1) Engineers or Physicists ex- 
perienced in light circuit electronics, prefer- 
ably with University Degree for work on com- 
putors. Previous experience not necessary. (2) 
Engineers with experience in light mechanisms, 
preferably with good knowledge of electronics 
circuitry. (3) Mathematician with knowledge 
of electronics and with University Degree. 
Housing assistance may be permitted for 
approval of successful applicants, and a Pen- 
sion Scheme is in operation after qualifying 
period. Applications with full particulars of 
experience, age, etc., should be addressed to 





Dept. C.P.S., 336/7 Strand, W.C.2, quoting 
ref.: 1344. W 2254 
AUTOPHONE LTD., require qualified 


Assistant Engineer (Degree or equivalent) for 
interesting and varied work on telephone and 
electronic equipment. Drawing office and 
workshop experience essential. Write fullest 
Particulars to 539 Wandsworth Road, oa 


BUSH RADIO LTD., have a number of 
vacancies im their expanding laboratories at 
London and Plymouth. Applicants for posts 
(a) and (b) should preferabl hold a B.Sc. or 
equivalent qualification in Physics or Engineer- 
ing. (a) Research and Development Engineers 
and Junior Development Engineers for work 
in new television and circuit fields. Applicants 


CLASSIFIED ANNOUNCEMENTS 
continued on page 4 
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ROVED VACUUM WwoRK 


Thorough insulation impregnation by alternate vacuum 
and pressure cycles demands the rigid exclusion of 
moisture from the system by BIRLEC LECTRODRYERS. 
BIRLEC LECTRODRYERS are applicable to a number of 
electrical applications including the dry blanketing of 
transformers during assembly, the dry storage of delicate 
components and insulating material and the drying of 
gases for lamp filling, electrode annealing etc. 






A selection of capacitors for fluorescent lighting equipment and 

—_— units which are vacuum impregnated faster and better by 
installation of a Birlec Lectrodryer. (Right) Two special Lectro- 

dryers designed for working in conjunction with an insulating 

impregnation tank. 

Both photographs are published by kind permission of the British 

Thomson-Houston Co, Ltd. 


ee ee 


Please send me details of LECTRODRYERS for electrical 
work, 





on on on ll 


DRYER DIVISION OF ‘~ ERDINGTON 


BIRLEC LTD jf | SIRMINGHAM 24 





on on on on os ee 
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There are five sizes. = and five important features of .... 





























Ohms | ___GURRENT RATINGS oe 
* VITREOUS ENAMEL BONDED ceviuit a Gh oe L100 | L.Iso 
* HIGHEST MECHANICAL STRENGTH 2 33 500 | é.12 ‘707 | ‘Bee 
73 tas Se 13 C«|SCik@ 
* MAXIMUM ELECTRICAL PERFORMANCE io 1-58 2-24 274 3.16 3.88 
25 1 7, 1.41 1.73 2.00 | 2.45 
* MINIMUM SIZE IN RELATION TO 7 | ‘3 | ‘se | to | tis | tat 
100 .500 .707 866 1.00 1.23 
POWER DISSIPATION is oe ee ae oA 
350 "268 378 "463 ea 2) 4S 
500 224 316 | 388 447 | $48 
* CAN BE USED IN TROPICAL ($00 ‘139 183 | Ft | 28 | aie 
SITUATIONS WITHOUT MODIFICATION 993 ‘071 “100 3 tf | ad 
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...BERCO Toroipat RHEOSTATS 








Ask for list 613A, which gives full technical details and prices, from : 
THE BRITISH ELECTRIC RESISTANCE CO. LTD., 


Queensway, Ponders End, Middlesex. Telephone : Howard 1492 Telegrams : Vitrohm, Enfield. Pioneers of the toroidally wound power rheostats in England. 
BR1221-BXH 
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SITUATIONS VACANT (Cont'd., 


The engagement of persons answering these 
advertisements must be made through a Local 
Office of the Ministry of Labour or a Scheduled 
Employment Agency if the applicant is a man 
aged 18-64 inclusive or a woman aged 18-59 
inclusive unless he or she, or the employment, 
is excepted from the provisions of the Notifica- 
tion of Vacancies Order, 1952. 


should have interests and preferably experience 
in:—Telecommunications, television, network 
analysis, feedback, pulse techn ques, optics. 
(b) Junior Development Engineers for inter- 
esting work on Government contracts. Ex- 
perience in any of the following fields would 
be an advantage:—Video amplifiers, feedback, 
pulse techniques. microwave techniques. (c) 
Development Engineers to initiate design and 
engineering layout of domestic radio receivers. 
Experience of design of domestic radio 
receivers, and familiarity with working with 
drawing office and production departments, 
are required. Good prospects, pension scheme. 
Interviews in London or Plymouth. Write 
giving full details and salary required to the 
Chief Engineer, Bush Radio Ltd., Power Road, 
Chiswick, W.4. W 2229 


BRITISH TELECOMMUNICATIONS _ RE- 
SEARCH LTD., a Company associated with the 
Automatic Telephone & Electric Co., Ltd., 
and British Insulated Callender’s Cables Ltd., 
have a vacancy for an engineer with experience 
of V.H.F. and S.H.F. aerial design or pro- 
pagation studies, for research work connected 
with the development of communication 
systems. Vacancies also exist for engineers 
with experience of microwave components and 
circuits and/or broad-band transmission equip- 
ment. © Salary according to qualifications and 
experience. ere is a superannuation scheme 
and the company works a five-day week. 
Applications should be made to the Executive 
Director, British Telecommunications Research 
Ltd., Taplow Court, Taplow, Bucks, giving 
age and full details of education, qualifi- 
cations and experience. W 2216 











COTTAGE LABORATORIES LTD. have a 
number of vacancies for scientific and engineer- 
ing appointments at both senior and junior levels 
to undertake interesting and original develop- 
ment work. Applicants should possess ex- 
perience in at least one of the following sub- 
jects: Electronic Circuit Design, Light Mechanical 


Engineering, Electromechanical Servo Systems, 
and for some of the posts a knowledge of 
physics would be an advantage. Candidates for 
the senior grades will, in addition, be expected 
to hold adequate qualifications in the appro- 
priate subjects. The appointments will carry 
salaries commensurate with the duties and 
responsibilities involved, and are pensionable 
after one year’s satisfactory service. Excellent 
opportunities for progressive positions in an 
expanding organization are available to those 
with real ability and initiative. Five-day week 
with good holidays and sick pay. The labora- 
tories are fully provided with modern equipment 
and are situated in pleasant country surround- 
ings on the main Portsmouth Road with good 
public transport service from Guildford and 
Kingston passing the premises. First-class can- 
teen, sports club and recreational facilities. All 
applications should be addressed to the Secre- 
tary at Portsmouth Road, Cobham, Surrey, 
giving full details of qualifications, previous ex- 
perience and salary required, and will be dealt 
with in strictest confidence. W 2295 
DESIGNER required by small progressive 
company of electrical engineers, East London, 
for design and development of light electrical 
and mechanical apparatus and industrial resis- 
tance heating equipment. is is an_ inter- 
esting position offering scope to a fully ex- 
perienced man able to work on his own 
initiative and to control small drawing office. 
Write in strictest confidence giving full details 
of past experience, age, qualifications and 
salary received for each of the past five 
years to Box No. W 1102. 


DESIGNER DRAUGHTSMAN required for 
Electronics .Drawing Office. Higher National 
Certificate or experience with electronic equip- 
ment and Ministry procedure essential. Appli- 
cations which should. include full details of 





ELECTRONIC ENGINEERING 


qualifications, experience and salary required, 
should be forwarded to Personnel Department 
(E.D.0.), Murphy Radio Ltd., Welwyn Garden 
City. W 2204 





DESIGN ENGINEERS required for a special 
projects department now expanding to under- 
take the design of special purpose machines 
for the handling and assembly of light mass 
produced engineering products and components 
mainly for the radio industry. Previous ex- 
perience in the radio industry not necessary. 
It is essential that applicants have inventive 
ability and ingenuity and be able to design the 
necessary electro/mechanical equipment. The 
selected candidates will have some machinist 
ability in order to carry a project through all 
stages of development, detailing and covering 
the project through its manufacture, and 
making where initially necessary mock-up and 
rough demonstration models of various 
mechanisms in department’s own workshop. 
Applicants should have sufficient experience 
and ability to justify a minimum salary of 
£800 per annum. The positions offer attrac- 
tive and permanent employment. Company 
superannuation and insurance schemes in 
operation, London area. Please reply, giving 
full details of experience and qualifications to 
Box No. W 2274. 





DESIGNER DRAUGHTSMAN required fo: 
design and development of test gear to meet 
production demands of Thermionic Valves and 
Cathode Ray Tubes. Applicants should have 
good Mechanical knowledge with previous 
experience in mechanical and electrical inter- 
locks, component layouts for Power Supply 
Units up to 50 KV 50 cycles and R.F. or In- 
duction Heaters. Housing facilities available 
near factory area. Write stating age and full 
details of previous experience and _ technical 
training to the Edison Swan Electric Company 
Ltd., Eastern Industrial Area, Harlow New 
Town, Essex. W 2268 


DEVELOPMENT ENGINEERS with either 
radio Or communication engineering Degrees 
and some practical experience are required for 
work on oscillographs and associated amplifiers 
at our new Research Laboratories. Applicants 
should have a good mathematical ability. Write 
giving full details of qualifications and ex- 
perience, stating range of salary required, to 
Southern Instruments Ltd., Oscillograph 
Division, Camberley, Surrey. W 1087 


DEVELOPMENT ENGINEER. Opportunity 
for qualified man (Degree or equivalent) with 
design experience of modern electronic circuitry, 
including telecommunication. A_ small pro- 
gressive company on South coast offers senior 
Ppust to engineer of proved ability. A good 
organiser capable of taking design to produc- 
tuon stage essential. Write stating age, training 
and experience to Box No. 198. 


DEVELOPMENT ENGINEERS. Several 
vacancies exist for engineers to deal with the 
design of control and measuring equipment for 
a wide variety of applications. Th’s work is 
mainly concerned with the use of magnetic 
amp'ifiers; applicants need not have had 
specific experience of magnetic amplifiers but 
must be keen to make a study of the'r design 
and application. Applicants should either 
have or be studying for H.N.C. or equivalent. 
Apply Personnel Manager, Elliott Bros. 
(London) Ltd., Airport Works, smears! 


DEVELOPMENT ENGINEERS required for 
Research and Deve'opment work on Cold- 
Cathode Tubes. Applicants should preferably 
have had experience in the Valve or Lamp 
industry, or on closely related work. A Science 
Degree, Engineering Degree, or a_ similar 
qualification would be helpful. An attractive 
salary is offered in accordance with experience, 
ability and qualifications. “Pléase write, giving 
details to the Personnel Officer, Ericsson Tele- 
phones Limited, Beeston, Nottingham. 
(Reference LK/3.). W 2206 


DRAUGHTSMAN _ required - for 
mechanical and electrical assemblies. Must be 
capable of reading electronic circuits. Appli- 
cants with any previous experience on Sheet 
Metal Cubicles, H.V. Power Supply Units, 
Induction Heaters or Radio and Television 
layouts should write stating age and full details 
of “previous experience and technical training. 
Housing facilities available near factory area. 
The Edison Swan Electric Company Ltd.. 
Eastern Industrial Area, Harlow New Town, 

x. W 2269 


detailing 


DRAUGHTSMEN. Openings will arise in the 
immediate future for a number of Senior 
Design draughtsmen, draughtsmen and detail- 
ers who desire to progress in electronic en- 
ineering, as applied in the rapidly expanding 
eld of VHF and UHF radio communications 
equipment. Pension Scheme, good salaries, 
and excellent conditions, at newly developed 
works and laboratories in the South West 
Middlesex area. Own staff informed. Please 
write giving full particulars of experience, 
qualifications, and when available to Box No. 


W 2285. 
DRAUGHTSMEN, SENIOR AND JUNIOR 
are required for development work on elec- 
tronic equipment. e work is_ intepesting 
offers .considerable scope for men of 
ability. Salaries in excess of A.E.S.D. rates 
will be offered to suitable applicants. The 
itions are permanent and __ pensionable. 
rite giving full details of past experience to 
The Wayne Kerr Laboratories Ltd., Sycamore 
Grove, New Malden, Surrey. W 1097 


ELECTRICAL ENGINEER, aged 25 to 30, with 
good Degree, preferably some experience in 
research or development laboratory, is required 
for work on the application of electronic tech- 
niques to industrial measurement and control. 
This post is permanent, pensionable and offers 
good prospects. Apply in writing, giving full 
chronological details of qualifications and_ex- 
perience, together with age and salary required. 
to Tube Investments Ltd., Dept. of Develop- 
ment and Research, Plume Street, Aston, 
Birmingham, 6, quoting Ref. F.2. W 1093 


ELECTRICAL ENGINEER, age 25-30, with good 
Degree, preferably some experience in research 
or development laboratory, is required for work 
on the application of electronic techniques to 
industrial measurement and control. This post 
is permanent, pensionable and offers good pros- 
ts. Apply in writing, giving full chrono- 
Colest details of qualifications and experience, 
together with age and salary required, to Tube 
Investments Ltd., Department of Development 
& Research, Plume Street, Aston, Birmingham 
6, quoting Ref. F.2. W 10 


ELECTRONIC ENGINEER _ required y 
Engineering Factory in Yorkshire. Appli- 
cant should be experienced in design and appli- 
cation of High Frequency for Heat Treatment 
etc. Write giving age, experience and salary 
required to Box No. W 2316. 





ELECTRONIC ENGINEER required for ex- 
ceptionally interesting development work. 
Applicant should have good academic training 
with five-ten years’ practical experience of 
development including some on communication 
equipment employing frequency modulation at 
U.H.LF. The post carries a good starting 
salary and excellent prospects. Please write, 
with details to Personnel Department (ED/ 189) 
E.M.I. Eng. Dev. Ltd., Hayes, Middlesex. 
W 2288 





ELECTRONIC ENGINEER required by capaci- 
tor manufacturer for development work on test 
instruments: and. electrical research. Opportunity 
for young engineer with some years’ experience 
in test gear design. London area.. Write Box 
No. W 1066. 


ELECTRONIC ENGINEER (about 30 years) 
required by Scientific Instruments Makers 

servicing photo-electric instruments. Good pros- 
pects for keen man. Camden Town district. 
Five-day week, superannuation, good welfare 
facilities. Please apply, stating age. experience 
and salary required. to Box No. W 2123. 


ELECTRONIC ENGINEER required for work 
in connexion with development of new instru- 
ments. B.Sc. in physics or equivalent quali- 
fications necessary; applicant should have 
some knowledge of automatic control methods. 
Post tenable in the London area. Apply: Staff 


Department, The Distillers Co. Ltd., 21 St. 
James’s Square, London, S.W.1. Quote Ref.: 
RES.454. W 2267 


ELECTRONIC ENGINEER required by large 
telecommunication engineering works in 
London area for development work on Tran- 
sistor Circuits. Previous experience of tran- 
sistors not essential, but applicants should have 


CLASSIFIED ANNOUNCEMENTS 
continued on page 6 
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As One Man... 













Every person at Parmeko 
is concerned with one thing 

and one thing only—making 
the best transformers. This 
** one-mindedness”” might be 
monotonous in spheres less 
interesting than those of the 
Electronic and Electrical Industries. 
Parmeko find that there are enough 
interesting problems in their de- 
liberately limited sphere to keep a 
first-rate team and first-class plant busy 
all the year round without spreading their energies in other ways. 


Orders from manufacturers all over the world keep busy .. . 


The firm with the one-track mind 


PARMEKO , LEICESTER 


MAKERS OF TRANSFORMERS (for the Electronic and Electrical Industries 
© 
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SITUATIONS VACANT (Cont'd.) 


The engagement of persons answering these 
advertisements must be made through a Local 
Office of the Ministry of Labour or a Scheduled 
Employment Agency if the applicant is a man 
aged 18-64 inclusive or a woman aged 18-59 
inclusive unless he or she, or the employment, 
is excepted from the provisions of the Notifica- 
tion of V. ies Order, 1952. 


a Degree or similar qualification. Some know- 
ledge of pulse techniques an advantage. Start- 
ing salary between £600 and £1,100 per annum 
depending upon experience and qualifications. 
38-hour, 5-day week. Pension Scheme. Box 
No. W 2260. 


ELECTRONIC ENGINEER. Applications are 
invited from men preferably between 28 and 
35 years of age, for an appointment with a 
large firm in connexion with applied nuclear 
energy engineering research and development. 
Applicants must have an Honours Degree in 
electrical engineering with experience in light 
electrical engineering and/or electronics with 
about six years’ experience in wy. and be 
familiar with or have a working knowledge 
of electrical control gear and instrumentation. 
A knowledge of servo mechanisms and _ their 
application would be an advantage but is not 
essential. Salary would be comparable with 
that paid by the Civil Service, London rate, 
the grading depending on age and experience. 
Apply in the first instance to Box No. W 2251. 
ELECTRONIC ENGINEERS, aged 23 upwards, 
having H.N.C. or equivalent qualification, 
required by Electronic Instruments, Ltd., 
Richmond, Surrey. Written applications only 
in first instance. W 199 
ELECTRONIC ENGINEERS required by The 
General Electric Co., Limited, Brown’s Lane, 
Allesley, Coventry, in their Development 
Laboratories for work on the following items:— 
(a) Application and circuit theory of Transistors. 
(b) Design of R.F. modulators. (c) Investigation 
into valve parameters. (d) Design of valve test 
apparatus associated with (c) above. (e) Trials 
team in connexion with Guided Weapons. (f) 
Development of Pulse Circuitry Techniques for 
Guided Weapons. (g) Servo-Mechanisms. (h) 
Microwave Development. (i) Test equ pment. (j) 
General radar circuit development. (k) Power 
units including Electronic Stabilizers and Rec- 
tifier systems. (1) Magnetic amplifiers. Applicants 
preferably with a Degree or an _ equivalent 
qualification should have had at least two years’ 
experience in the development and enginee:ing 
of Service equipment as well as experience in 
one of the above. Reply stating age, qualifi- 
cations and experience to the Personnel 
Manager, Ref. R.G. W 2183 
ELECTRONIC ENGINEERS. A leading 
company in W. London district has the follow- 
ing staff vacancies: (i) Senior electronic 
engineers preferably with qualifications to the 
Degree standard and experience in VHF and 
radar systems. (ii) Technical Writer with ex- 
perience of preparation, publication and 
maintenance of technical literature, particu- 
larly with reference to Services VHF and radar 
gear. (iii) Electronic Engineers of Degree Stan- 
dard and experience for measurement 
functional test and development in the labora- 
tory. Applications are invited in strict con- 
fidence. Interviews can be arranged for 
Saturdays if desired. Box No. W 2314. 


ELECTRONIC ENGINEERS (Ref. E.E./1) to 
become Section Leaders for small teams res- 

msible for the preparation, testing in the 
eld, and further laboratory development of 
Guided Weapons. Applicants should have at 
least H.N.C. and 5 years’ experience in the 
micro-wave, pulse or communications _ field. 
Equivalent training and experience in H.M. 
Forces will also qualify for these positions. The 
vacancies which offer exceptional sco for 
advancement are at Heston Aerodrome, Middle- 
sex. Periods of work at outstations in the 
U.K. are covered by adequate allowances and 
week-end leave privileges. There are likely to 
be opportunities for continuing some of this 
work in Australia at a later date. Good salary 
with bonus. Pension Scheme. Details of ex- 











perience and qualifications should be sent, 
quoting Reference above, to the Assistant 
Manager, The Fairey Aviation Company 
Limited, Weapons Division, Heston Aerodrome, 
Hounslow, Middlesex. W 2243 
ELECTRON MICROSCOPES. Engineer 


required, preferably graduate in physics or 
engineering, to operate from London head- 
quarters on installation and regular periodical 
servicing of electron microscopes in United 
Kingdom and Western Europe. Applicants 
must have skilled practical aptitude for elec- 
tronic and vacuum physics maintenance work 
and ability to deal with technical inquiries and 
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sales matters in correspondence and personal 
contact with microscope users. rience in 
electron microscopy an asset, but not essential 
if scientific education and practical electronic 
background otherwise suitable. State age, and 
give complete details, education, experience, 
languages and salary required. Box No. 
W 2317. 
ELECTRONIC TUBES LTD., have a vacancy 
for an electronic engineer for work in the valve 
and cathode ray tube application laboratory 
mainly concerned with technical liaison duties. 
pane should have experience particularly 
of radio and television receiver design. Degree 
and/or membership of Professional Institution 
desirable. Write giving full details of 
qualifications, age and experience to the Per- 
sonnel Manager, Electronic Tubes Ltd., Kings- 
mead Works, High Wycombe, Bucks. W 1099 
ELECTRONIC WIREMAN (skilled) required. 
Should have some testing or servicing experi- 
ence and be able to work with minimum super- 
vision. Stability Radio Components Ltd., 
Commerce Estate, Woodford Avenue, London, 
E.18. Buckhurst 6501. W 1081 
ENGINEER, experience of mechanical desigt 
of subminiature electronic equipment. Appli- 
cations should te familiar wits layout and 
wiring to interservice standards, design and 
manufacture of mechanical parts and prepar- 
ation of working drawings. Degree not essen- 
ual, preference given to ns _ with good 
practical experience. (Ref. BG). Please write 
m detail quoting reference number of position 
sought, to: The Personnel Manager (Technical 
Employment), De Havilland Propellers Limited, 
Manor Road, Hatfield, Herts. W 2127 
ENGINEER required for Operational Tests and 
Maintenance of Airborne Electronic Equipment. 
Degree, H.N.C. or ogee. with some prac- 
tical experience of [Electronic Equipment 
desirable. Must be British or Commonwealth 
subject. Apply: Construction Dept., The 
British Thomson-Houston Co., Ltd., Rugby. 
W 2309 


ENGINEER required for technical staff of 
Scottish Council (Development and Industry). 
Work includes assistance to inquirers (such as 
firms’ local authorities); attraction of plant in- 


vestment to Scotland; development of new 
industrial projects. Degree or equivalent re- 
quired: industrial experience desirable. Age 


preferably under 40. Salary in the range £' 

to £1,200; superannuation scheme. Apply with 
particulars of qualifications and experience to 
the Secretary, Scottish Council (Development 
and Industry), 1 Castle Street, Edinburgh, 2, 
marking envelope ‘‘ Technical.’ W 2338 


ENGINEERS who wish to broaden or com- 
mence career as electronic engineers in a 
field of great interest and variety and involv- 
ing latest techniques can avoid restrictive 
specialization by joining Marconi  Instru- 
ments, who produce light current commun?- 
cations, measuring and test apparatus for a 
wide range of requirements. We have positions 
for men of Degree standard and experience, 
also City and Guilds Telecommunications 
Certificate standard. or compensating ex- 
perience and natural aptitude for electronic 
engineering. Holiday arrangements if fixed 
can be held. Saturday interview, if required. 
Applications in strictest confidence. App'y 

arconi Instruments Ltd., Longacres. Hat- 
field Road, St. Albans. ‘ W 2228 


ENGINEERS AND PHYSICISTS required by 
long-established manufacturer, London, for 
research and development; specialized know- 
ledge or experience of instruments, metering, 
electronics and electro-mechanical devices ad- 
vantageous. Salary £800 upwards. Staff 
Pension Scheme; housing assistance where 
necessary. Write giving full particulars, edu- 
cation, aualifications, experience and present 
salary. Box No. W 1096. 

FRICSSON TELEPHONES LTD., have in their 
Research Laboratories a number of vacancies 
for circuit designers and equipment engin- 
eers to work on _ nucleonic instruments, 
and interesting . new developments in 
electronic computing and switching; both 
sen‘or and junior posts are available. Appli- 
cants should have a degree or equivalent plus 
several years’ experience of appropriate work 
for the senior posts: correspondingly reduced 
qualifications and experience will be accepted 
for junior posts. Salaries will be in accordance 
with age, qualifications and experience. Appli- 
cations, giving details of age, academic or 
other training and qualifications. experience, 
and starting salarv required. should: he sent to 
the Personnel Officer. Ericsson Telephones 
Ltd.. Beeston, Nottingham. W 197 


ESTIMATING ENGINEER required with ex- 
perience of estimating of machine and assembly 


work in connexion with the light electro. 
mechanical engineering industry. Coilwinding 
experience desirable but not essential. An 
attractive salary will be offered to the selected 
candidate. East London area. Please write, 
giving full details of qualifications and experience 
to Box No. W 2305. 


EXPERIENCED DESIGNER-DRAUGHTS. 
MEN required for development work on 
solenoid actuator relay and uniselector switch- 
ing and control techniques. Apply, stating 
age, experience, salary required, and quoting 
ref.: E/8, to the Personnel Officer, Saunders- 
Roe Limited, East Cowes, I.0.W. W 2284 
EXPERIENCED Radio Testers and_ Inspectors 
requ.red for production of communication and 
radio apparatus. Also Instrument makers, 
wirers and assemblers for Factory Test appara- 


tus. Apply Personnel Manager, E. K. Cole 
Ltd., Ekco Works, Malmesbury, Wilts. W 146 
FAULT FINDERS AND TESTERS. A large 


electronic engineering company invite appil- 
cations from Fault Finders possessing a good 
technical background of V.H.F. transmitter 
receivers employing frequency modulation A.G.C. 
automatic frequency control, automatic modu- 
lation control and attendant _ systems. 
Knowledge of M.O.S. inspection _pro- 
requirements an advantage. 
Rates of pay ranging from 4s. 2d. to 
4s. 11d. r hour according to qualifications 
and experience. Applications are also invited 
from: Skilled Electronic Wireman and Electro- 
mechanical instrument makers. East London 
area. Please reply, giving full details of ex- 
perience to Box No. W 2304. 


GODFREY ALVIST LIMITED, representing 
U.S.A. leading manufacturers o highly 
specialized electronic instruments’and test and 
control equipment, require technica] representa- 
tives for and Continent. _ Write giving 
full details and experience to:—Godfrey Alvist 
Ltd., 29 Whitehall, London, S.W.1. W 1089 


G. V. PLANER LTD., Consultants and 
Development Laboratories, require Electronic 
Engineers or Physicists for development pro- 
jects on new types of electronic components 
and materials. Apply G. V. Planer Ltd., 
Hanworth Trading Estate, Hampton Road, 
FELtham W 1101 
HISPANO-SUIZA’S English associate, British 
Manufacture and Research Company Limited, 
of Grantham, urgently requires for develop- 
ment work on light gunnery and fire control 
equipment, the following staff: A. Junior 
Designers—Initiative in design of small 
mechanical and electrical sub-assemblies and 
ability to carry out subsequent detailing is 
valued more than specific experience of gun- 
nery equipment design. B: Technical Writer— 
To undertake the preparation of catalogues, 
brochures and hand from design office 
information, amd to arrange details of photo- 
graphy, printing, binding, etc., with outside 
contractions. xperience of technical writing 
on electro-mechanical subjects, and of collect- 
ing and classifying technical information  essen- 
tial. C: Electrical Development Engineer— 
B.Sc., or equivalent Degree in electrical engin- 
eering required and some familiarity with 
servo mechanism theory and practice. Post 
entails design and development work on light- 
current control, communciation and_ servo 
circuits, and the organization and control of 
simple test programmes inthe field. 

Armourer for Development Department—able 
to service and maintain automatic weapons and 
equipment undergoing development trials. Ex- 
perience in handling automatic guns and 
ammunition essential. company offers 
excellent sport and welfare facilities and a 
voluntary Pension and Life Assurance Scheme 
after a qualifying period, Applications with 
personal details, qualifications, experience and 
salary required to British M.A.R. Co. Ltd., 
Grantham, Lincs, quoting reference AWK/MF/ 
Staff (A, B, C or D, as above). W 1073 


HONOURS GRADUATES in Physics and 
Electrical Engineering are required for advanced 
work in a Corte Crystal Laboratory. The 

itions offered afford excellent opportunities 
mg young men to specialize in the study of 
Piezoelectric materials, from both the theoreti- 
cal and practical view points. An interest in 
mathematics and electronics would be an ad- 
vantage for this work. Houses can be made 
available to successful applicants. Apply in 
writing to Personnel Manager, Standard Tele- 
phones and Cables Ltd., Crystal Factory, In- 
dustrial Estate East, Harlow, Essex. 2272 


CLASSIFIED ANNOUNCEMENTS 
continued on page 8 
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The 


«« SUPERFLOCTOPUS”’ 





introduces :— 













Ss Something BETTER in 
WATERPROOF and OILPROOF 
flexible 


ELECTRICAL 
CONDUITS 


Specially manufactured to give maximum flexibility 
with the utmost protection under each of their 
specified conditions of service, these Superflexit 
Conduits have standard End Fittings as illustrated, 
designed and fitted to allow severe strains. Full 
details of these special-duty Conduits will be gladly 
sent on application to the address below. 





LIMITED 





TRADING ESTATE - SLOUGH - BUCKS 
Telephone : SLOUGH 24561 (5 lines) Telegrams : “FLEXIBLE SLOUGH ”’ 
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SITUATIONS VACANT (Cont'd.) 


The engagement of persons answering these 
advertisements must be made through a Local 
Office of the Ministry of Labour or a Scheduled 
Employment Agency if the applicant is a man 
aged 18-64 inclusive or a woman aged 18-59 
inclusive unless he or she, or the employment, 
is excepted from the provisions of the Notifica- 
tion of Vacancies Order, 1952. 


— LUCAS (GAS TURBINE EQUIP- 

LTD., invites applications for Elec- 
nm ng ee Some knowledge of Servo 
Mechanisms would be an advantage. Should 
have University Degree. These appointments 
are pensionable and offer good prospects to 
individuals with initiative and technical ability. 
Salary will be in accordance with experience 
and qualifications. Details of experience and 
qualifications should be sent to Personnel 








Manager, Joseph Lucas (Gas Turbine Equip- 
ment) Ltd., Shaftmoor Lane, Hall Green, 
Birmingham. W 2299 
JUNIOR DRAUGHTSMEN required. Ex- 


cellent opportunity for suitable men with at 
least Ordinary National Certificate, to broaden 
experience and develop progressive career with 
prominent well established organization. Near 
City centre and all amenities. Easy reach 
London. Well served transport routes. Holi- 
days fixed can be held. Apply Marconi 
Instruments Ltd., Longacres, Hatfield Road, 
St. Albans. W 2227 





JUNIOR DEVELOPMENT ENGINEERS are 
urgently required to assist in the development 
of precision electronic laboratory instruments. 
Successful applicants will be engaged on in- 
teresting long-term projects concerned with the 
development of a wide range of equipment. 
The appointments are permanent and carry 
considerable technical responsibility. Applicants 
should have had previous development experience 
preferably in the instrument field. Academ‘c 
qualifications ranging from O.N.C. to Degree 
standard are acceptable. Salaries are depend- 


ant upon age, qualifications and experience. 
Apply stating full details to the Chief Eng'neer, 
Messrs. Furzehill Laboratories Ltd., Shenley 
Road, Boreham Wood, Herts. W 195 





KELVIN AND HUGHES LTD., Barkingside, 
x, have vacancies for Research Engineers 
for experimental work relating to underwater 
sound apparatus. Applicants should be of 
Degree standard and should have a sound 
knowledge of communications, in particular 
electronics. Applications stating salary 
required should be addressed to the Personnel 
Manager. W 2292 
KELVIN AND HUGHES LTD., Barkingside, 
Essex, have vacancies for Technical Assistants 
for development of  electro-mechanical and 
e'ectronic instruments (Marine). Work in- 
volves initial experiments, sea-going trials, pre- 
production models and _ factory liaison. 
Occasional visits overseas afe arranged. 
Qualifications:—Practical: five years workshop 
or drawing office experience. Academic: City 
and Guilds Telecommunications Final Group 
Certificate, or equivalent. Applications, stating 
salary —— hsrteaae be addressed to the Per- 
sonne! Mana 2293 
LABORATORY ASSISTANTS with electrical 
and/or chemical experience, required for re- 
search on electronic components and materials. 
Apply G. V. Planer Ltd.. Hanworth Trading 
Hampton Road, Feltham, Middlesex. 
FELtham 3399. W 1085 
LABORATORY TECHNICIAN (RAD*O) at 
South East London Technical College, 
Lewisham Way, S.E4. Rate 73s. 6d. a week 
at 16 to 102s. at 19. £286. 17s. 6d. a year 
at 20 x £19. 2s. 6d. to £401. 12s. 6d. with 
certain qualifications to £439. 17s. 6d. (max. 
commencing salary £363. 7s. 6d.) Further 
particulars and application forms returnable 
within 14 days from Secretary. (942). W 2319 





LIAISON ENGINEER/WRITER required with 
sound basic knowledge of television and radar 
principles. He will be required to work with 
design teams engaged on complex television and 
radar projects, to assimilate the technical 
details and subsequently prepare technical notes 
in good and concise English. Applicants should 
write, with full details, to the Personnel 
Department (ED/182) E.M.I. Eng. Dev. Ltd., 
Hayes, Middlesex. W 2277 





ELECTRONIC ENGINEERING 


MACLEANS LTD., require a Works Engineer 
for a factory in the London area. Applicant 
must be a qualified mechanical or electrical 
engineer, preferably Degree or Higher National 
Certificate, with experience of plant installation 
and operation and factory engineering allied to 
electronic control of processes and should be 
capable of training staff in the installation and 
maintenance of electronic equipment. Post 
offers excellent opportunity to man with pro- 
gressive outlook. Age 30 to 40. Pension and 
Profit Participation schemes. Salary dependent 
upon experience and qualifications. Write 
giving fullest details of age, qualifications and 
experience and salary required to Personnel 
Manager, Macleans Limited, Great West Road. 
Brentford. W 2275 


MARINE RADAR AND RADIO SERVICE 
ENGINEER. Applications, from candidates with 
several years’ experience in the maintenance of 
Marine Radar, Radio and Echo Sounder equip- 
ment will be considered for the post of resident 
engineer in Port Said. The post, which is for 
a minimum tour of two years. will become 
vacant mid-summer and the suitable applicant 
will be required to commence training in 
England as soon as possible. The post provides 
free accommodation, all household expenses, 
houseboy, medical charges and passage for 
engineer and family. Smith & Co., 
Electrical Sasteee Ltd., 68 Grosvenor eae 
Manchester, 1. 1045 


McMICHAEL RADIO LTD.. require yea 
and Jun‘or Engineers in their equipment 
division laboratory at Slough. Training and 
experience in the field * applied electronics 
(including communications) and experience of 
working with Government Departments are the 
chief qualifications required. Write stating age 
and full details of training, qualifications and 


experience to the Chief Engineer, Equipment 
Division, McMichael Radio Ltd., Slough. 
Bucks. W 157 


MULLARD RESEARCH LABORATORIES 
require Graduate Engineers or Physicists with 
circuit experience, to carry out research into the 
application of transistors and semiconductor 
devices. Initially the work will be concerned 
with high frequency junction transistors and 
power junction transistors. The fields of 
application will include Computors, Television 
and Communication Systems and experience in 
one of these fields will be an advantage. The 
work calls for high degree of individual respon- 
sibility and there is a great scope for initiative 
and inventiveness. Salaries are based on 
qualifications, experience and age, and are in 
keeping with present-day levels. General pros- 
pects within the organization are excellent. 
Apply to Personnel Manager, Mullard Research 
Laboratories, Cross Oak Lane, Salfords, near 
Redhill, Surrey, quoting reference E.R.L. Sr oes 


OLD ESTABLISHED BRITISH COMPANY in 
Far East requires the services of a Technical 
Sales Assistant. Candidates shou!d preferably 
be between the ages of 23-27, of good educa- 
tion and have a general knowledge of some 
of the following: (a) Broadcast and Telecom- 


munications Equipment; (b) Television; (c) 
Cinema Equipment; (d) Light Electrical 
Engineering. Sales experience an advantage. 
rite 


in confidence to Box JN/159 c/o 95 
Bishopsgate, E.C.2. W 2286 


ONE GRADUATE ELECTRICAL ENGIN- 
EER OR PHYSICIST required. Previous 
experience of electronic development work not 
necessary. App'y R. Y. Pickering 2 Co., 
Limited, Wishaw. W 1095 


ONE QUALIFIED ELECTRONIC ENGIN- 
EER OR PHYSICIST required with experience 
of electronic development work. Apply R. Y. 
Pickering & Co., Limited, Wishaw. W 1094 


PHYSICISTS, preferably experienced in instru- 
mentation with particular reference to inspec- 
tion and testing of metallic materials. Initial 
salary up to £900 according to qualifications 
and experience. Write Secretary, The British 


Non-Ferrous Metals Research Association, 81 
Euston Street, London; N.W.1. W 1090 
PLANNING ENGINEERS required. Appli- 


cants should preferably have a press tool back- 
ground and have had previous experience of 
process planning of small electrical and 
mechanical a These vacancies 
present attractive rtunities and work 
of a wide and “Trending nature. A 
good salary will be paid to the selected appli- 
cants. Eastern suburbs of London. Please 
reply, giving full details of qualifications and 
experience to Box No. 11. 


PRE-PRODUCTION ENGINEERS _ required 
for interesting posts with valve-making firm. 





H.N.C. or Degree required. Previous experi- 
ence preferred, but not essential. Write giving 
details of qualifications, age and _ experience, 
and quoting Ref. PE/S Personnel Department, 
The M.O. Valve Co. Ltd., Brook Green; 
Hammersmith. W 1076 


PRODUCTION ENGINEER required by a 
large engineering organization situated in the 
London area. Applications are invited from 
men with appropriate engineering qualifications 
and experience in the electronic engineering 
fields. The successful candidate will have ex. 
tensive experience of administration, tool 
design, estimating and time and motion study, 
and will be acquainted with the most up-to- 
date production methods and techniques. He 
will have experience of small batch production 
of electronic equipment and/or light electro. 
mechanical precision instruments. ‘or a man 
with the required qualifications, initiative and 
drive, this vacancy provides excellent prospects 
in a rapidly expanding organization. Please 
write, in strictest confidence, giving full 
details of experience to Box No. W 2281. 


PRODUCTION SUPERINTENDENT required 
for an engineering company situated in the 
London area. Applicants should have an ex- 
tensive knowledge of small batch production of 
communication equipment and/or light electro- 
mechanical precision assemblies. The selected 
candidate should be a strong disciplinarian 
with a modern and progressive approach to 
current labour problems. The position, which 
will carry a generous salary, offers unlimited 


scope and progress to an applicant with proven 
production organizing ability. All staff con- 
ditions and privileges available. Please reply, 
in utmost confidence, ex 


quoting previous 
perience to Box No. 2282. 


PROGRESSIVE position of great interest to 
Electronic Engineers. Large Midland Engin- 
eering Plant requires qualified and experienced 
electronic engineers both senior and junior for 
rap'dly expanding laboratory engaged upon 
measurement and control problems. State age, 
qualifications and experience fully in confidence 
to Box No. W 2208. 


PYE LIMITED require experienced Develop- 
ment Engineers for radio receiver development 
in Cambridge. Salaries in the range of £400 

to £800 according to qualifications. Apply 
Personnel Department, Pye Ltd., St. Andrew's 
Road, Cambridge. W 2187 


PYE LIMITED. Radio Works. Cambridge, 
invite applications for appointment of Tech- 
nical Author to compile maintenance hand- 
books on_ individual radio equipments. 
Command of English and technical background 
essential. Applications in writing to Personnel 
Manager. W 2222 


PYE LIMITED. Radio Works. Cambridge, 
invite applcations for the appointment of 
Electrical Draughtsman capable of producing 
intelligent circuit and layout diagrams of radio 
equipment. Applications in writing to Per- 
sonnel Manager. W 2223 


RADIO MECHANICS required for work on 
high quality electronic equipment. Preference 
will be given to men accustomed to working 
on their own initiative, who are familiar with 
circuit diagrams and modern components. Some 
skill with machine tools would be an asset. 
Write to The Wayne Kerr Laboratories Ltd., 
Sycamore Grove, New Malden, Surrey. W 1098 





RECORDING EQUIPMENT. 
quired with experience the design and 
development of Recording Equipment. Should 
have Degree or H.N.C. Junior Engineers also 
required for work in this field. Superannua- 
tion Scheme. Apply, giving full details of 
qualifications, experience, etc., to the Person- 
nel Department (RL/10), E.M.I. Ltd., Hayes, 
Middlesex. W 2278 


Engineer re- 
in 





SALES MANAGER required by Electrical En- 
gineering Company. Position involves complete 
control of all sales staff and demands a keen 
approach to sales technique and organization. 
Qualifications sought are a record of achieve- 
ment in a competitive market; technical back- 
ground; plus knowledge of the application of 
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and size is a serious disadvantage. 


The Venner Lightweight silver-zinc Accumulator is now in world-wide use by 
Government departments and industrial undertakings where unnecessary weight 
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It provides an almost perfect source of constant voltage, especially when the discharge is low, due to 
the storage capacity of silver-zinc cells being greatly superior to that of lead-acid. In addition, the 
extreme high rates of discharge with little drop-in effective capacity is remarkable for so small a 


rechargeable battery and is equivalent to, and exceeds in many cases, the 
ordinary cumbersome and heavyweight types. 

The Venner Lightweight Accumulator is exceptionally valuable for aircraft 
and marine applications, miners’ lamps, photographic flash outfits and all 
battery operated electronic devices. 





VEN 


Write for illustrated technical literature 


N E R Lightweight SILVER-ZINC ACCUMULATOR 


The smallest and lightest accumulator in the world. 





VENNER ACCUMULATORS LTD. - KINGSTON BY-PASS - NEW MALDEN - SURREY. 


Associated Companies : 


VENNER LIMITED VENNER “ELECTRONICS LIMITED. 
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SITUATIONS VACANT (Cont'd.) 


The engagement of persons answering these 
advertisements must be made through a Local 
Office of the Ministry of Labour or a Scheduled 
Employment Agency if the applicant is a man 
aged 18-64 inclusive or a woman aged 18-59 
inclusive unless he or she, or the employment, 
is excepted from the provisions of the Notifica- 
tion of Vacancies Order, 1952. 








electrical moeering_ Sepmmts and/or elec- 
tronic apparatus. The Company offers a per- 
manent position with Pension Scheme. Write, 
in strictest confidence with details, stating 
salary expected, to J. P. Steward, Measuring 
Instruments (Pullin) Ltd., Acton, W.3. W 2340 


SCIENTIFIC ASSISTANT required for small 
laboratory in Torquay. A general knowledge 
of electronics, physics and mechanics is re- 
quired, with standard of Education at H.N.C. 
level. The Company is engaged in the manu- 
facture of building bricks and allied products 
and’ is looking for a man with intelligence who 
is able to adapt himself to a wide range of 
duties and to exercise some supervision. Pre- 
vious experience is not necessary. Age 24-30 
is preferred. Salary £450-£550 depending mainly 
on ability. Full details should be given in 
chronological order to Box W 1082. 


SCIENTIFIC INSTRUMENT MAKERS in 
North London have a few vacancies for 
skilled laboratory assistants and wire-men for 
the development and production of high 
quality electrical and electronic apparatus. 
Five-day week, canteen, good welfare facilities. 
Please apply, stating age, experience and 
salary required, to Box No. W 2122. 


SENIOR CHECK TEST ENGINEER required 
by the Inspection Department of the English 
Electric Co., Ltd., Luton. Applicants should be 
of H.N.C. standard with several years’ experience 
in one or more of the following:—Servo mecha- 
nisms, Gvros, Light Hydraulics Systems, Elec- 
tronics. This p»sition offers an attractive salary 
and opportunities for advancement in an ex- 
panding industry. An excellent Pension Scheme 
is in operation. Please reply to The Personnel 
Manager. English Electric Co., Ltd.. The Air- 
port, Luton. Beds, quoting Ref. 1149D. W 2173 


SENIOR DEVELOPMENT ENGINEER with 
several years’ experience, AMIEE qualification, 
required for work in connexion with the sub- 
miniaturization of radio and audio frequency 
circuitry, also pulse techniques, for appli- 
cation in the field of radio navigation. Salary 
£900 per annum. London district. Please 
write in confidence to Box No. W 2315. 


SENIOR DEVELOPMENT ENGINEER 
required for work on magnetic recording 
devices. University Degree and not less than 


five years’ experience with industrial firm 
essential. Post offers exceptional scope for man 
with ability and _ initiative. Applicants must 
state salary required. Apply Managing Direc- 
tor, Southern Instruments Ltd., Camberley, 
Surrey. W 1088 


SENIOR ENGINEER required in the Guided 
Weapons Division of the English Electric Co. 
Ltd., Luton, for work on Computing Devices. 
Engineers and Physicists with a background of 
general electronics or light current engineering 
would be suitable candidates. Design experi- 
ence of feedback amplifiers or small servo- 
mechanisms a recommendation. Permanent 
positions carrying an attractive salary for right 


man. Staff Pension after * qualifying period. 
Applications to Dept. C.P.S., 336/7 Strand, 
W.C.2, quoting Ref. S.A.23C. W 2250 


SENIOR PHYSICISTS AND ENGINEERS 
are invited to write to the Research Director 
of Decca Radar Ltd.. regarding the opportuni- 
ties which exist in this Company owing to the 
continual expansion of its activities in the field 
of navigational aids. Senior posts are on a 
substantial salary scale and there are excellent 
prospects of higher appointment for men of 
proven abilitv. British Nat‘onality is essential. 
A Pension Scheme is in operation. Letters 
giving full personal data should he addressed to 
the Research Director. Decca Radar Limited. 
2 To'worth Rise, Surbiton, quoting reference 
RLA/28 W 2131 


SERVO-MECHANISMS DESIGNERS. (Ref. 
E.E./8) to join a laboratory section engaged on 
design and development of Guided Missile 
control systems. Degree amd some experience 
of this work essential. Good salary and bonus. 
Pension Scheme. Apply with full details 
quiting above reference ty the Assistant 


Manager, The Fairey Aviation Company Ltd., 
Weapons Division, Heston Aerodrome, Houn- 
slow, Middlesex. 


W 2302 
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SIR W. G. ARMSTRONG WHITWORTH 
AIRCRAFT Limited have vacancies for 
qualified Electronic Engineers for Flight Trials 
work on guided missiles. Experience on 
electronic experimental work or Service ex- 
perience on radio or radar is essential. Age 
limits 27-38 years. Applications, giving par- 
ticulars of qualifications and experience, should 

addressed to The Chief Engineer, Arma- 
ments Division, Sir W. G. Armstrong Whit- 
worth Aircraft Ltd., Baginton, ory. 


SPERRY GYROSCOPE COMPANY 
LIMITED invite applications from Engineers 
holding a Degree or membership of a pro- 
fessional Institution, for interesting research 
design and development work on _ aircraft 
instrumentation, automatic controls, marine 
products, and guided missiles. Vacancies in- 
clude: Electro-Mechanical Engineers for 
Brentford and _ Feltham, also Mechanical 
Engineers for Gloucestershire. Additional to 
abeve qualifications desirable to have appren- 
ticeship, knowledge of production methods, 
and experience in design of one or more of 
the following:—Gearing, instrument mecha- 
nisms, servos. Hydraulic Engineers for. Sun- 
bury and Feltham. Must have experience of 
practical design and theoretical analysis of 
hydraulic systems. Knowledge of high pressure 
hydraulics as applied to aircraft or hydraulic 
servo systems desirable. Electronic Engineers 
for Brentford and Feltham. Additional to 
above qualifications, practical experience and 
knowledge of production methods, with ex- 
perience in one or more of the following is 
desirable; control circuits, D:C. Amplifiers, 
Computing devices, Video circuits. Pension 
Scheme. Apply giving full details, including 
an indication of the salary range and location 
preferred, to Personnel Manager, Sperry 
Gyroscope Co., Ltd., Great est Road, 
Brentford, Middlesex. W 2200 


STANDARD TELEPHONES AND CABLES 
LTD., North Woolwich, E.16, require Design 
Engineers to work on the mechanical aspects 
of telecommunications equipment. Applicants 
should have experience in this or a similar class 
of light electrical work, and be of Higher 
National Certificate Standard. Salary depend- 
ent upon qualifications and experience. Tite, 
stating age, experience and salary required to 
Personnel Manager. W 2271 


STANDARD TELEPHONES AND CABLES 
+» and Kolster-Brandes, Ltd., have the 
following vacancies and offer excellent Person- 
nel Services, five-day week, non-contributory 
Pension Scheme. Salaries according to age and 
aualifications. Senior Valve Development 
Engineer aged 30-35, Honours Degree, required 
to lead a group of engineers working on 
advanced valve development and testing. Ex- 
perience of radio valve industry essential, with 
electronic circuitry knowledge. Valve Appli- 
cation Engineer aged 25-30 experienced in use 
of valves in pulse techniques, B.Sc. (Elec.) or 
H.N.C. (Elec.) Designers of production test 
equipment for radio receiving valves and 
2 Good Honours Degree (Elec.) or 
equivalent and practical experience. Excellent 
opportunity for Ist-class man. Development 
Chemists for C. manufacture. One 
senior, one junior post, for men with Ist/2nd 
Class Honours, aged 25/35. Senior post: ex- 
perience of electronic industry essential, C.R.T. 
experience desirable. Junior st: some in- 
dustrial experience at least. .R.T. Develop- 
ment Engineer man/woman aged 25/30, with 
good Physics/Maths. Degree or equivalent. 
Experience of C.R.T. work desirable. Write 
in confidence stating age, qualifications and ex- 
rience to the Personnel Office, Standard 
elephones & Cables & Kolster-Brandes, Ltd., 
Footscray, Kent, quoting Ref. No. Te eave 





TELEVISION DESIGNER ENGINEER. An 
interesting vacancy exists for a development 
engineer with wide experience of the design of 
television equipment, both camera and re- 
ceiver units. The work is in connexion with 
an urgent Super Priority Government contract 
and carries a good salary with excellent pros- 
pects. Applicants should write with full 
details of experience, to the Personnel Depart- 
ment (ED/181) E.M.I. Eng. Dev. Ltd., Hayes, 
Middx. W 2276 





TECHNICIAN with omens in electronic 
work required for development laboratory in 
large Telecommunication Engineering Works, 
London area. Give particulars of experience, 
education and technical training, qualifications 
oes salary required. Box No. 


TELEVISION: HIGH-DEFINITION FILMS 
LTD., require maintenance engineers for 
television camera equipment. Appointments 
to permanent staff with excellent prospects of 
promotion. Starting salary £700-£8 per 
annum. Apply giving details of experience and 
qualifications to Personnel Manager, Highbury 
Studios, 98 Highbury New Park, N.5. 2313 


THE GENERAL ELECTRIC CO., LTD., 
Brown’s Lane, Coventry, require Senior and 
Junior Electronic Development Engineers for 
work on Guided Weapons and like projects, 
articularly in the field of Microwave and 
ulse Applications. Mechanical Development 
Engineers, Designer Draughtsmen and 
Draughtsmen, preferably with experience of 
Radar type equipments, also required for the 
above projects. Salary according to age, 
qualifications and experience. Apply by letter, 
Stating age and experieince to the Personnel 
Manager (Ref. R.G.). W 169 


THE McMURDO INSTRUMENT CO., LTD., 
Ashtead, Surrey, have the following vacancies 
in their Development Group. Applicants must 
be of British birth. (a) Electronic Development 
Engineers (2) for circuit and test gear develop- 
ment work. Applicants should have an Engin- 
eering Degree, H.N.C. or A.M.I.E.E. and be 
capable of working on their own_ initiative 
under the general guidance of a Section Head. 
(b) Technical Assistants (2) required for general 
development work on mechanical and electro- 
chemical development. Applicants should pre- 
ferably have O.N.C. or equivalent in an Engin- 
eering subject. and should be capable of making 
up development samples from rough sketches 
and sorting out experimental results, etc. (c) 
Laboratory Assistants to assist Development 
Engineers on Electrical and Mechanical work. 
(d) A detail Draughtsman with experience in 
design of small electrical components, etc. 
Apply in writing to The Personnel -— 


THE PLESSEY COMPANY has vacancies in its 
Telecommunications Division Laboratories at 
Ilford and near Witham in Essex, for Radio 
and Electronic Engineers in the following grades: 
Project Engineers, Senior Engineers, Junior and 
Assistant Engineers. These are not temporary 
vacancies, created by comparatively short-term 
defence contracts, but permanent posts arising 
in the course of the continual expansion of the 
division’s engineering activities in the com- 
munications and electronics fields. Senior men 
can be assured of remuneration commensurate 
with their experience and qualifications, while 
in the junior grades there are excellent oppor- 
tunities for training and advancement. There 
is a considerable range of work available and 
the earlier applicants will have a wide choice 
of activities. The laboratories are of the most 
modern type and very adequately equipped. An 
excellent technical library adjoins the Ilford 
Laboratories and the facilities in general are in 
every way all that might be expected of a 
Progressive engineering organization. Write. 
in confidence, to the Personnel Manager, The 
Plessey Company Limited, Vicarage Lane. 
Ilford, Essex. 2283 


THE TELEGRAPH CONSTRUCTION AND 
MAINTENANCE CO., LTD., cable manufac- 
turers, wish to appoint an Electronics Engineer 
for development work on the automatic control 
of cable processing equipment. Candidates 
must have graduate or equivalent professional 
qualifications. Salary in accordance with 
qualifications and experience from £650 up- 
wards. Excellent opportunities in an expand- 
ing company. Pension scheme, five-day week. 
Write details quoting reference RG/12 to: Staff 
Officer, The Telegraph Construction and Main- 
comance Co., Ltd., Telcon Works, Greenwich, 
S.E.10. 


TRANSFORMER DESIGNER required for 
development projects involving audio-frequency 
power transformers, pulse transformers, oil-filled 
units, etc. Apply stating age, qualifications and 
experience to the Personnel Manager (Ref. 
R.G.), The General Electric Co., Ltd., Brown’s 
Lane, Allesley, Coventry. W 192 





CLASSIFIED ANNOUNCEMENTS 
continued on page 12 
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The new approach 
to Microwave Testing 

















ee 


Integrated Microwave Test 
Bench Frequency Range 
9,000/10,000 Mc/s. 


The Ferranti Integrated Microwave Test Bench 
is designed for use in the 3 cm. band and is 
used for Laboratory and Production Testing. 
It incorporates the ‘MILLED BLOCK’ 
technique of waveguide manufacture which 
confers the following outstanding advantages : 


Improved Electrical Characteristics 
Ease of Operation 

Increased Robustness 

Lower Cost 


The wide range of standard tests which can be 
carried out with the equipment includes 
Impedance Measurement 
Voltage Standing Wave Ratio Measurement 
Attenuation Measurement 
Insertion Loss Measurement 


FERRANTI LTD - CREWE TOLL - FERRY ROAD - EDINBURGH 5 


London Office: KERN HOUSE, 36 KINGSWAY, W.C.2 
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SITUATIONS VACANT (Contd.) 


The engagement of persons answering these 
advertisements must be made through a Local 
Office of the Ministry of Labour or a Scheduled 
Employment Agency if the applicant is a man 
aged 18-64 inclusive or a woman aged 18-59 
inclusive unless he or she, or the employment, 
is excepted from the provisions of the Notifica- 
tion of Vacancies Order, 1952 








TRANSFORMER DESIGN ENGINEER. 
Ferranti Ltd., Edinburgh, invite applications 
for the above vacancy in their inburgh 
works. The duties involve the designing of 
those types of Transformers ngrmally used 
in Electronic Circuits (power, audio frequency, 
pulse, etc.), also the engineering of new ranges 
of such components for production purposes. 
Applicants should have experience in these 
duties and possess_ minimum _ technical 
} mee gr merge of H.N.C. or equivalent stan- 
ard but preference will be given to holders 
of a University De; or Diploma. A com- 
mensurate salary will be paid. Staff Pension 
Scheme. Good working conditions and pros- 
cts. Apply quoting Ref. TDE/TD and giving 
ull details of training, qualifications and ex- 
crience to the Personnel cer, Ferranti 
imited, Ferry Road, Edinburgh, 5. W 2215 


TRANSISTORS. British Tabulating Machine 
Co., Letchworth, Herts, has a vacancy for an 
Honours Graduate engineer or physicist for 
research and development work on the use of 
transistors in pulse and switching circuits. 
Applicants should have experience of transistor 
circuit techniques and preferably pulse circuits 
as used in digital computing, radar, etc. Salary 
will be based on qualifications, age and experi- 
ence. Applications should be sent to the 
Personnel Officer, marked Ref. EE.248, and 
Stating age, experience and training. W 1079 
Two PHYSICISTS OR ELECTRICAL 
ENGINEERS are required to develop elec- 
tronics for infra-red apparatus of advanced 
design. A flair for devising electronics cir- 
cuits is required, with a special interest in 
high stability L.F. Amplifiers, Servo Mecha- 
nisms and circuits for improving signal to 
Noise Ratio. B.Sc. standard or equivalent is 
expected and applicants should be under 30. 
Apply in writing, stating age, education, In- 
dustrial experience and salary required to Sir 
Howard Grubb, Parsons & 0.. Optical 
Works, Walkergate, ea ee 6. 

220: 


URGENTLY REQUIRED. Young single men 
as Electronic Wiremen, also Junior and Senior 
Test Engineers in connexion with Television 
Cameras and ancillary equipment. i 
writing to Personnel Officer, Dept. 
Ltd., Radio Works. Cambridge. W 212 


VICKERS-ARMSTRONGS LTD., Crayford, 
Kent, invite applications to fill the following 
vacancies. 1. onours Graduates to engage 
in research and development work on com- 
mercial electronic computing machines and 
devices. 2. Engineers and Technicians to 
engage in development and design of elec- 
mercial electronic computing machines and 
devices. Qualifications: University Degree, 
Higher National Certificate or equivalent. 3. 
Electrical Draughtsman to engage in the des‘gn 
of electronic commercial computing machines 
and devices. 4. Electronic Technicians with 
servicing experience of radio, radar and elec- 
tronic equipment, especially pulse circuitry. 
Theoretical training to O.N.C, or equivalent 
standard. Selected candidates will he given 
training in testing and adjusting Electronic 
Computors. 5. Junior and Senior Electrical 
Draughtsmen accustomed to work concerned 
with circuit and cable lay-out. particularly 
in connexion with Naval and Military equip- 
ment. Experience in the design of small 
electrical apparatus and lay-out of electronic 
equipment will be an advantage. 6. Graduate 
Electrical Engineers, age about 30, with 
Degree or and practical experience 
in servos, electronics or _telecommuni- 
cations, for development work on _low- 
power servo systems. Applications should 
be made in writing to the Manager, ei 
2 


eering Department and Labour. 203 
W. H. SANDERS (ELECTRONICS) LTD., 
Stevenage, Herts. Vacancies exist in our 


Development Section for qualified Electronics 
Engineers to work on the design of (i) micro- 
wave instruments and components, (ii) indus- 
trial electronic equipment, including servo 
systems using magnetic amplifiers. Qualifications 
should include relevant experience and prefer- 
ably a good University Degree or equivalent; 
Starting salaries, dependent on qualifications, 


will be in the range of £650-£1,000 per annum. 
Successful applicants may be eligible for housing 





assistance. Applications, giving full details of 
education and career, should be addressed to 
the Chief Development Engineer. W 1072 


W. T. GLOVER & CO. LTD., Trafford Park, 
Manchester, 17, have a vacancy for a Mechani- 
cal Engineer /Draughtsman. Quaijifications 
should include H.N.C. or equivalent and a 
sound practical background. The successful 
applicant would be required to develop and 
supervise the making of special purpose 
machinery. Salary commensurate with experi- 
ence and qualifications. Apply to the Secre- 
tary. W 1083 





Further “‘ Situations Vacant’”’ advertisements 
appear in display form on pages 80, 93,96, 
102, 105,107, 11%, 114 and 116. 








SITUATION WANTED 





TECHNICAL SALES POSITION, or _repre- 
sentation, negotiation, application, Govern- 
ment liaison, branch management in radio, 
radar, TV, electronic equipment, instruments 
or specialist components or materials; alter- 
natively light electrical products (wiring acces- 
sories, water heaters or other utility goods) by 
M. Brit. I.R.E, mature age, with executive 
and administrative experience. Good creden- 
itals. Ten years profit-making factory manager; 
64 years war R.A.F.V.R. Technical Branch 
communications (retains rank Squadron 
Leader); 7 years author, technica] writer, 
journalist. n dead-end detail job at £1,200. 
Minimum £1,500 with prospects and/or com- 
mission and expenses with car provided or 
shared. Box No. W 1100. 





FOR SALE 





MAGSLIPS at 1/10th to 1/20th of List Prices. 
Huge stocks. Please state requirements. K. 
Logan, Grove Road, Hitchin 1744, se es 


METALWORK. All types cabinets, 
racks, etc., to your own __ specifications. 
Philpott’s Metal Works Ltd. (G4B1), Chapman 
Street, Loughborough. W 2000 


POLYSTYRENE solution for impregnating or 
coating 30s. gallon. Sample on request. Box 
No. W 1068. 


chassis, 


SINE-COSINE RESOLVERS (3 in. Magslip 
Transmitters No. 5, AP 10861). Brand new, 
each in maker’s tin. Offered in quantity at less 
than one tenth of cost. Export inquiries in- 
vited. P. B. Crawshay, 166 Pixmore Way. 
Letchworth, Herts. W 153 


SURPLUS to requirements 300 Ibs. Permalloy 
C. laminations pattern 15A 0.15 in. thick in 
makers packing. Send offers to Austin Walters 
& Son, Ltd., Ayres Road, Manchester, ae 


TRANSISTORIZED = equipments—e,g, _ stable 
oscillators 20 CPS. to 2MCS. BEL Marl- 
borough Yard, London, N.19. ARC. ches 


WE ALWAYS have for disposal large stocks 
of surplus cardboard boxes, mainly small] sizes. 
Send details of dimensions required for samp’es 
bv return. Hinton & Boulton, 573/5 High 
Road, Ilford, Essex. W 1059 
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EDUCATIONAL 





CITY & GUILDS (Electrical, etc.) on ‘‘ No 
Pass—No Fee’’ terms. Over 95 per cent 
successes. For full details of modern courses 
in all branches of Electrical Technology send 
for our 144-page handbook—Free and post 
free. BIET. (Dept. 337C). 29 Wright’s 
Lane, London, 8. W 142 


COUNTY BOROUGH OF BOLTON—Edv- 
cation Committee. Bolton Technical College. 
Full-time course in Electronic Engineering. A 
three-year full-time course in Electronic Engin- 
eering is now available. Applicants should be 
between 16 and 18, and have taken, or be 
taking, General Certificate at the Ordinary 
Level in Mathematics or Physics, or equivalent 
courses in technical institutions. This rapidly 
developing industry offers new and attractive 
i qualified men. Application forms 

be obtained from the 
Technical College, Bolton, Lan- 
W 3167 
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FREE Brochure giving details of courses in 
Electrical Engineering and Electronics, covering 
A.M.Brit.I.R.E., City and Guilds, etc. Train 
with the Postal Training College operated by 
an Industrial Organisation. Moderate fees. 
Dept. EE29, E.M.I. Institutes, London, W.4. 


W 190 
T.V. AND RADIO—A.M.Brit. I.R.E., City 
& Guilds, R.T.E.B. Certificate, etc., on ‘‘ No 


Pass—No Fee ’’ terms. Over 95 per cent suc- 
cesses. Details of Examinations and Home 
Training Courses in all branches of Radio and 
T.V. Write for 144-page handbook — Fret. 
B.I1.E.T. (Dept. 337H), 29 Wrights Lane, Lon- 
don, W.8. W 187 


THE POLYTECHNIC, 309: Regent Street, W.1. 
Department of Mathematics and Physics. A 
course of Lectures on Electronics will be held 
on Thursday evenings from 6 to 7.30, com- 

ing 30th September, 1954. The course is 
suitable for those who wish to take this sub- 
ject in the graduateship examination of the 
Institute of Physics. Fee for the course: £2. 
A detailed syllabus of the lectures is available 
Application to attend the course should be 
made as soon as possible to the Head of the 
Department of Mathematics and eee 





ra 


THE POLYTECHNIC, 309 Regent Street, 
W.1. Electrical Engineering Department. Head 
of Department: H. Date, B.Sc. (Eng.), 
M.I.E.E. Full-Time Day courses are provided 
in Electrical and Telecommunications Engin- 
eering. The courses, which extend over a 

riod of three to four years, prepare for the 
Fligher National Diploma and _ professional 
examinations and for the B.Sc. (Eng.) ree 
of the University of London. Session 1954-1955 
begins on September 2Ist, 1954. _ Evening 
courses in the above subjects and also in Radio 
and Television Service Work’ commence on 
Monday, 27th September. The courses pre- 
pare for the Ordinary and Higher National 
Certificates and for the City & Guilds of 
London Institute examinations. New students 
will be enrolled on 22nd September, 5-8 p.m. 
Prospectuses may be obtained on application 
to the undersigned, J. C. Jones, Director of 
Education. W 2253 


UNIVERSITY OF EDINBURGH. 
Sir Edward Appleton, G.B.E., K.C : 
F.R.S. Diploma in Electronics and Radio. The 
one year postgraduate diploma course in 
Electronics and Radio will commence on 
October 12th, 1954, and will provide specialized 
training for those wishing to proceed to research 
in this field, or to employment in industrial 
organizations. Appticants should hold an 
Honours Degree in electrical engineering, 
mathematics or physics. The main_ lecture 
courses are in network theory, principles of 
valve circuits, transmission and_ radiation 
theory, and particles in fields. Laboratory and 
field work will be arranged to support the 
lecture courses. A limited number of grants 
may be made available for suitable -candidates. 
Further particulars and application forms can 
be obtained from the Secretary to the Univer- 
sity, The University, South Bridge, eG. 


Principal: 
.B., D.Sc., 





SERVICE 





F. W. ELECTRONICS LTD., specialize in 
manufacturing electronic or allied equipment to 
drawing or specification, prototypes, batch 
production, sheet metal facilities available. 
Inquiries invited. The Avenue, New Southgate, 
London, N.11. ENT. 6686. W 1086 


SMALL electronic equipment and assemblies 
built to specification. P.A.S., St. Ives 
Mount, Leeds 12. W 1071 


WEBB’S SERVICE DEPT. for complete reno- 
vation of complex commun’‘cation receivers of 
any make. Test report issued showing sensitivity 
selectivity, signal/noise equal to, or better than, 
maker’s original figures. Webb’s Radio, 14 
Soho Street, London, W.1. W 196 





Advance Components Ltd. wish to make 
clear that both sine and square wave 
modulation are provided internally on 
their new Q1 signal generator. The 
statement (internal and external) in 
their advertisement on page 75 of the 
July issue was due to a typographical 
error. 
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A high current, low voltage stabiliser 


Output 1—30 volts D.C. Current o—7 amps 


D.C. accuracy at 25 m.v. Rectifier ripple less 


than 0.05% peak (at full load). 


Write for List of Servomex range of Electrical Control Instruments. 


SERVOMEX CONTROLS LTD., CROWBOROUGH HILL, JARVIS BROOK, SUSSEX. TEL : CROWBOROUGH 1247. 
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from all this 





to just this 7 


The EVER READY development that revolutionised the DRY BATTERY 


The “ Batrymax”’ dry battery is an Ever Ready development that made possible the miniature 
self-contained hearing aid and the smaller, lighter electronic equipment of today. In addition, 
Ever Ready “* Batrymax”’ layer-cell construction gives you more efficient, more economical 

radio batteries. For example, the latest B136 “ Batrymax” battery, used with new 

Ever Ready low consumption valves, has a balanced service life of over 350 hours. At the present 
time, you cannot better a “‘ Batrymax”’; but Ever Ready research goes on, seeking new 


developments to increase, still further, the efficiency of the dry battery. 


VER READY 





Batrymax 


“‘Batrymax”’ isa ade Mark of The Ever Ready Co. (Gt. Britain) Ltd. 
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‘CG’ type Cores 
for small transformers and chokes 





@ Reduction in size and weight up to 30% @ Stability in temperatures up to 200°C. 


@ High efficiency @ Ease of assembly and storage 
@ Low loss — low leakage flux — low @ Suitable for open type, oil-filled or 
magnetising v.a. “cast-in-resin” type transformers. 


Full interservice range of cores and accessories 
available on short delivery. Special cores to order. 


Details of these ‘C’ type Cores will be supplied on request to : 
Transformer Sales and Contracts Department, East Lancashire Road, Liverpool, 10. 


“ENGLISH ELECTRIC’ 
‘GC’ type Cores 


THE ENGLISH ELECTRIC Company LIMITED, QUEENS HousE, KINGSWAy, LONDON, W.C.2 


* ACCRINGTON 











TLL F4 WORKS: STAFFORD * PRESTON * RUGBY * BRADFORD * LIVERPOOL 
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Installed by 
Hasler S.A. (Berne) 
Paraboloids by 
Precision Metal 
Spinnings 
(Stratford-upen- 
Avon) Ltd. 


The greatest heights “ 
_reached by television 2 tS 


LONDON 


CASSEL 


THE GREATEST HEIGHTS yet reached 

by television are undoubtedly those pioneered 
by the G.E.C. television link across Switzerland—the vital link in Eurovision. The 
problems of the long hops over the most difficult Alpine country were solved, 
and the equipment manufactured and supplied, at short notice by the G.E.C. 
This link is to form a permanent installation for the Swiss P.T.T. Department's 
national television network. It uses G.E.C. microwave radio relay equipment, 
operating in the 1700-2300 Mc/s range and conveying a 625-line picture transmission. 
This equipment, too, is to be manufactured 
by Hasler S.A... . on behalf of the G.E.C. .. 
extend the Swiss national network between 
Uetliberg, Chasseral, Romont and Dole. 
In addition, the G.E.C. supplied to the B.B.C. the 
2000 Mc/s equipment to form reversible 
links between Wrotham and Cassel to link the 
British Isles to the Continental television network. 
G.E.C. line transmission and radio relay equipment 
alsojbring B.B.C. and international television to 
the south-west, midlands and north-west of Britain. 





is view 
ustrates | 
n the Jur 


Ls" 





Snow and ice failed to delay the rapid installation of the 
G.E.C. aerial which faces Chasseral at the Jungfraujoch. 





ae i 


ae 


his view was sent to G.E.C, by the Company’s installer, and 
ustrates the difficulty of establishing the relay station at 12,000 ft. 
0 the Jungfraujoch. 





' . i a 


Pe will bring Television to Norwich 


ll llc 
Sonia 


The first picture received over the G.E.C. television link in Switzerland 
from Rome, was sharp and clear. 


Birmingham terminal tower in the G.E.C. 
London-Birmingham link. 


Terminal equipment at the Wenvoe end of the 
G.E.C. London-Wenvoe link. 


THE GENERAL ELECTRIC COMPANY LTD, OF ENGLAND 
Radio and Television Works 


ENGLAND 


Telephone, 
COVENTRY, 








ADVANCE COMPONENTS LTD., Marlowe Road, Walthamstow, E.17. Telephone : LARkswood 4366. 


10 to $00... | 


DIRECTLY = 
CALIBRATED 














AWCE 


V.H.F. SIGNAL GENERATOR 





The Advance D1 Signal Generator has 


long been recognised as supreme in 


its sphere for accuracy, ease of operation 





and reliability. Now comes the D1/D 
—an up-to-the-minute successor— 
possessing all those proven qualities, . : Z 
but plus the advantage of being [ "a ing y " 
DIRECTLY CALIBRATED. Whilst the . 
range of the D1/D (10 to 300 Mc/s) is / iA 


only slightly less than the original D1, ya mM ; 

"| nT 
its characteristics, given below, prove ; : up 
the “‘ D”’ series to be the finest V.H.F. 


instruments available in their price 


class. 


@ Frequency range 10 to 300 Mc/s 


@ Directly calibrated with an accuracy 





of plus/minus 1 per cent @ Sine wave 
modulation 30 per cent at 1000 c/s 

@ Square wave modulation approx. 
50/50 at 1000 c/s @ Max. attenuation 
error at 300 Mc/s plus/minus 4 db 


@ Negligible stray field @ Light M O D E sg D [ rf D 


weight, only 34 lb. 


Full Technical Details NETT PRICE 
available in Folder M26 | IN U.K. L997 
ADVANCE COMPONENTS LTD., Marlowe Road, Walthamstow, E.17. Telephone : LARkswood 4366. 
GD 
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Portable Wave Analyser 


THE WAYNE KERR MODEL A.321 











An audio frequency analyser 
of the heterodyne type to 
measure the relative levels of 
the components of a complex 
waveform down to —75db below 
fundamental. 

It is light, compact and simple 
to operate and can be supplied 
either in a transportable 
case or for standard 19” 
rack mounting. 








Specification 


FREQUENCY COVERAGE: postr 000 c/s in two 
range. 


FREQUENCY STABILITY: Better than +1% 





INPUT LEVEL: Between —20 and +20 db relative to ImV into 
600 ohms adjusted by a 5 step attenuator and 
fine control of 0—10 db 


FREQUENCY Flat to within +1 db over the whole working 
RESPONSE: range. 
LEVEL STABILITY: +1dbifmains supply voltage remains within +5% 
err ts OF Samoniy be) fundamental 
0 _—, 


MONIC 
FR ASUREMENTS: to —75 db + + 76% 
or +1 db whichever is the greater. 


INPUT 100, 000 ohm unbalanced (greater than 25,000 ohm, 
IMPEDANCE: balanced, can be supplied to order) 
SELECTIVITY: Constant over the frequency ramee. 2 stage crystal f 
Piter. mid band frequ Flat top 
(+1 db) pass band ertend vy ys over rie c/s +1 c/s. Wa Vv oy e 
HUM LEVEL: —55 db 


POWER SUPPLY: 110/115 and 200/250 volts 40/60 c/s 


POWER 

CONSUMPTION: Approz. 60 watts 
DIMENSIONS: In case 20° x # x 8” 
WEIGHT: 31 lbs. approz. 


| Biker ss 








THE WAYNE KERR LABORATORIES LIMITED - NEW MALDEN - SURREY - MALDEN 2208 
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SIGNAL GENERATORS 


for the frequency range 30 c/s - 30 Mc/s 





L. F. SIGNAL 


Frequency Range: 30 c/s — 30 kc/s 
Stability : +0-05% + 0:5 c/s 


outputs to be obtained. 


15 volts open circuit. 





GENERATOR TYPE 702 


Output : A screened and balanced transformer FF 
enables balanced, unbalanced and fully floating & 


@ Attenuator: A 600 ohm constant impedance 
attenuator provides steps of 20, 40 and 60 db 
of attenuation under all output conditions. 


@ Output Level: 100 mW into 600 ohms or 





























—— ILE. SIGNAL 
GENERATOR TYPE 701 


Frequency Range: 30 kc/s — 30 Mc/s 

Output Level: Constant to within 1 db over entire 
frequency range. 

Output: Impedance : 75 ohms + 10 ohms on the O0db 
step of the attenuator and 75 ohms + 3 ohms on all 
other settings. 

Attenuators: A slide wire and step attenuator 
calibrated both in db and volts open circuit enable 
the output to be reduced to 1 microvolt. 

High Output: A signal voltage of from 5-20 volts is 
available from a high impedance output socket. 


The L.F. Signal Generator Type 702 may be 


connected to the H.F. Signal Generator Type 701, to 
enable signals over the complete frequency range 30 c/s to 
30 Mc/s to be obtained from the output plug of the latter 
instrument. 








Full details of these or any other Airmec instruments will be forwarded gladly on request. 


AIRMEC HIGH WYCOMBE — BUCKINGHAMSHIRE — ENGLAND 
» 6 t-te Cables; Airmec High Wycombe 


D Telephone: High Wycombe 2060 
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Improved high and low 
pass filters 


TEN CUT-OFF FREQUENCIES IN ONE COMPACT PANEL 


Yio Mullard variable cut-off filters, originally developed in conjunction with the 
British Post Office, represent a marked advance in filter technique. New design features 
together with the use of Ferroxcube pot cores have resulted in a valuable reduction in 
panel size, as well as high attenuation characteristics outside the passbands. Frequency 


ranges are controlled by a single selector switch — 
an especially important facility in frequency analysis. 

The ten cut-off frequencies of the high pass and 
low pass filters are so arranged that the filters may 
be used in pairs to provide very narrow frequency 
samples. 

Brief technical details of the Mullard filters at 
present available are 
given here; communi- 
cation engineers and 
research workers who 
may require more com- 
prehensive information 
are invited to apply to 
the address below. 


High-Pass Filters (Type GFF.001 /02) 


CUT-OFF 440, 660, 990, 1480, 2222, 3333, 
FREQUENCIES (fc) 5000, 7500, 11250, 16800 c/s selected 
by 10-way switch 


IMPEDANCES Input and output 600 ohms, balanc- 
ed or unbalanced 

STOPBAND At 0.8 x fe —50 dB 

ATTENUATION At 0.6 x fe —60 dB 

PASSBAND 3dB+ 1 dB from 1.1 x fc to 20 or 

ATTENUATION 25 ke/s depending on cut-off 
frequency (fc) 

DIMENSIONS 19 in x 34 in x 6 in deep. 






Insertion loss dB 








a Te 





|e Average r 





curve for H.P. 





and L.P. Filters 

















> 









































0-1 0-2 0-5 | 2 


f/fc (low-pass) and fc/f (high-pass) 


Low-Pass Filters 
(Type GFF.001/01 


CUT-OFF 400, 600, 900, 1350, 
FREQUENCIES 2025, 3040, 4500, 6830, 
(fc) 10250, 15400 c/s select- 
ed by 10-way switch 
IMPEDANCES Input and output 600 
ohms, balanced or un- 
balanced 
STOPBAND At 1.25 x fe —50 dB 
ATTENUATION At 1.35 x fe—60 dB 
PASSBAND 2dB+ 1dB from 50 c/s 
ATTENUATION to 0.9x fe 


DIMENSIONS  19inx 3}in x 6indeep 


Mullard | 





SPECIALISED ELECTRONIC EQUIPMENT 


MULLARD LTD., EQUIPMENT DIVISION, CENTURY HOUSE, SHAFTESBURY AVENUE, LONDON, W.C.2 
(mI 433) 
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ALL-POWER 


REGULATED POWER SUPPLIES 














SERIES 500 
4 NEW MODELS 


dimensions. 


RATED FOR 350mA OUTPUT 


The four models detailed below are 
similar to the existing 500 series 
units and have the same overall physical 


AVAILABLE FOR PROMPT DELIVERY 


Model 506 
(fitted with end frames) 


ABRIDGED DATA 


(Further information on request) 





































































































Data Model 506 Model 507 Model 508 Model 509 
iin 200-500V 200-500V 0-500V 0-500V 
a 350mA 350mA 350mA 350mA 
“ 3 Number of Ranges 2 2 4 4 
=3 Voltage Stabilization +0.02% +0.002% +0.1% +0.002% 
= | Effective Output Resistance 020 0.02.0 050 0.022 
(max.) * . ° ° 
Output Ripple (rms. max.) 2mV ImV 3mV ImV 
250V 25mA 250V 25mA 
> — vats sa 0-250V ImA | 0-250V ImA 
BE | Voltage Stabilization et ri 40.05%, +-0.002% 
2 
> E | Output Resistance (max.) ine Jer 1Q 0.01.2 
Output Ripple (rms. max.) ao oo 2mV ImV 
Unstabilized +VE 470V 470V pM ay 
H.T. Supply 350mA max. 630V 630V 630V 630V 
Unstabilized A.C. Supply 6.3V 10A 6.3V 10A 6.3V 10A 6.3V 10A 
Price £77 £98 £88 £106 












with fully protective covers. 
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Polished hard-wood reinforced end frames 


Steel instrument case of new design 


ALL-POWER TRANSFORMERS LTD. ° 


CHERTSEY ROAD, BYFLEET, SURREY 


Tel. : BYFLEET 3224/5 
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PRICES. Prices are quoted net ex works and are subject to variation without notice. 


STANDARD UNITS. All models are supplied as standard for mounting in 19 in. racks and are fitted 


EXTRAS. To convert from rack mounting to bench use the following extras are available :— 
él 
£4 


15 Oper pair 
10 0 each 
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MAGNETIC MATERIALS _ Extensive . 
research and manufacturing facilities have established 
Mullard as the leading producers of magnetic materials. 
They were the first, for example, to introduce Ferroxcube, the 
world’s most efficient magnetic ferrite; ‘ Ticonal ’ anisotropic 
permanent magnets, renowned for their high stability and high 
energy output; and Magnadur, an entirely new type of 
permanent magnet with the insulating properties of a ceramic. 
The wealth of experience gained from these developments is 
available to all users of magnetic materials through the Mullard 
advisory service. An enquiry to the address below will put a 
team of specialised engineers at your disposal. 


== Mullard 


Mullard — Ferroxcube ‘TICONAL’ PERMANENT MAGNETS - MAGNADUR (Formerly Ferroxdure) 
pees extruded into PERMANENT MAGNETS . FERROXCUBE MAGNETIC CORE MATERIAL 


rods for H.F. cores. 





MULLARD LTD., COMPONENT DIVISION, CENTURY HOUSE, SHAFTESBURY AVENUE, LONDON, W.C.2. 
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The L.1055 is available in ratings from 
60 mA to 25 A, but at present this new con- 
struction applies only to ratings of 500 mA 
and over. It is hoped to include the lower 
ratings later, but in the meantime, industry 
will be supplied with our original design 
in which we have always minimised the 
problems that “all-in-one” construction* 


obviates. 


*Caps that come loose are things of the 
past; they are now locked to the glass by a 
unique internal soldering technique, which 
bonds caps, filament and glass into one unit. 
The glass has to break before the caps will 
move, and as the caps are coded, the risk of 
random replacement by wrong ratings is 
obviated. Standard size 1}” x }” dia. 


BELLING ¢ LEE LTD 


GREAT CAMBRIDGE ROAD, ENFIELD, MIDDX., ENGLAND 
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More consistent electrical and 
Mechanical performance 





Caps, filament and glass 
held as one—no cement to 
deteriorate 






Filament hermetically sealed 


Caps permanently fixed 





Rating coded on caps 






Clean finish caps, 
no solder blobs 













Please write for 
catalogue P.347/E.E. 
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low voltage 


point contact transistor 


& CG. eGET?2 This new G.E.C. Transistor, now 


generally released, has been specially designed for low 
voltage operation. Similar in dimensions and construc- 
tion to the GET1, it differs from it in having a higher 
current gain and a collector dissipation limited to 75mW. 
The characteristics of the GET2 make it particularly 


suitable for use with computers, production test limits 


having been chosen with this application in view. 








The GET2 is generally 
available to all classes of users 
List price £1.17.6. 


The GET1 is continuing in production but supplies 


are restricted to Equipment Makers and Government 
Departments. The price has been substantially reduced 


and is available on application. 


Full technical information may 
be obtained on request from... 


The Osram Valve and Electronics Department 


THE GENERAL ELECTRIC CO. LTD., MAGNET HOUSE. KINGSWAY, W.C.2. 
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Multi-channel tuning! 


Olden | 


“TELETUNER” 


(TRADE MARK) 


Type TV.12 


























Instant, single-knob selection ! 


Select a frequency in the 50-220 Mc/s range—select any one of 
twelve in fact—and this new Cyldon Multi-channel “ Teletuner ”’ 
will handle it. This compact two valve unit performs the 
functions of R.F. amplifier and frequency changer in a television 
receiver. Write for Folder TV 1953. 


FOUR NEW TRIMMERS 


by the Makers of “Cyldon” Trimmers and Variable Capacitors 























No. 26. Mica Compression Trimmer. No. 28. Air Spaced Trimmer No. 29. Glass Trimmer. No. 30. Ceramic Trimmer. 


Full details and specifications 


available on application 










we 2i8.de eee Contractors to Ministry of Supply, Post 
he rigiek 9 LTD Office, and other HM oumuat Dats 





CAMBRIDGE ARTERIAL RD., ENFIELD, MIDDX. __elebhone : Enfield 2071-2. 
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NEW HIGH STANDARD 
IN STABILISED 
A.C. POWER SOURCES 


The problem of stabilising an A.C. 
source of supply for the varying needs of 
industry has up to now been only par- 
tially solved. There are several types of 
saturated core constant voltage trans- 
formers which satisfy some of the 
conditions, but these generally are fre- 
quency dependent and any additional 
compensating circuit for this feature 
renders the equipment load dependent. 
Also there are the electro-mechanical 
type regulators depending on the operation 
of a transformer tap-changing mechanism 
by an automatically controlled motor, 
the disadvantages of such circuits are the 
slow speed of response and the incon- 
venience of moving parts. 


There are many applicationsinindustry 
and communications where the disadvant- 
ages of the above circuits render them un- 
suitable. Such equipment as radar, photo- 
graphic printing, spectrometers, electronic 
circuits and instruments containing illum- 
ination references call for a high degree of 
constancy of the mains supply under all 
operating conditions. 


We have therefore developed a piece of 
static equipment capable of supplying a 
variable load with constant voltage irres- 
pective of mains frequency and voltage 
changes. The equipment has been designed 
so that the output voltage has a low har- 
monic content, but in any case the R.M.S. 
value of voltage is maintained constant. 


A potentiometer connected transductor 
circuit is employed while the control 
winding of the transductor is supplied from 
a voltage sensitive circuit incorporating a 
saturated diode. 


A 1000 VA unit is now under develop- 
ment. 


DSTER 


ELECTRONICALLY CONTROLLED 
CONSTANT VOLTAGE SET tyre VR/ECV 


















The following specification gives the salient features of the performance of the set 


Mains frequency... ... ... ... ... 40-60 cycles/sec. 

Load ... 20.0 cee cee tee eee eee eee «6 to 500 VA maximum. 
Speed of response... ... ... ... ... 5 cycles. 

WIG VOICREO 65. ioc cue cee cee cee. ICMR VOTER. 

Output Voltage... ...  .0. sso soe ove 230 Volts+0.25Y%. 

Regulation ... ses seg. rede seo. ove Orne tuo ese —= Full load. 
Harmonic content of load voltage... ... Not greater than 8%. 
Physical size Ges.) Saas, ees week” indo. Sade. NOP EO er ea 

In sheet steel case... ... ... «se «ee Weight 52 Ibs. 








FOSTER TRANSFORMERS LTD., SOUTH WIMBLEDON, LONDON, S.W.19 
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A ‘LANCASHIRE DYNAMO HOLDINGS’ COMPANY 
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Advanced and extensive research and development 


combined with unequalled field experience places 
B.C.C. equipment in a class by itself. 


B.C.C. SETS THE STANDARD. 


map BRITISH COMMUNICATIONS 
\=S= CORPORATION LIMITED 


~ 
Second Way, Exhibition Grounds, Wembley, Middlesex. Telephone : Wembley 12/2 
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THIS UNIQUE 





| STELLATE | CORE IS THE 





SECRET OF FAULTLESS FLUXING 


... because it gives six points of rapid solder collapse 
and the flux is liberated immediately heat is applied. 
The correct amount of activated flux is always present 
in Superspeed, thus eliminating dry or H.R. joints. 
The stellate core is featured only in the Enthoven 


range of cored solders which ensures perfect soldering. 


Uppers, eed ACTIVATED ROSIN CORED SOLDER 


for all Radio, T.V. electronic and telecommunication soldering. Com- 
plies with M.O.S. Specification DTD. 599 and is approved by the A.I.D., 
G.P.O. and R.C.S.C. Superspeed is available in a wide range of alloys 
and gauges. Samples together with comprehensive literature gladly 
sent on request. Technical advisers are available for consultation. 


icieaciins te tg, MeN RON can 


Marketed by Enthoven Solders Ltd., Enthoven House, 89, Upper Thames Street, London, E.C.4. Telephone: Mansion House 4533 


x FG 
E3925 m 
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GINEMA-TELEVISIONW LIMmrreD 


“6 SWOMEMENTAL 
JCTANCE BRIDGE 


INCREMENTAL 
INDUCTANCE 
BRIDGE 











Designed for the measurement of iron-cored 
inductors (of Q value not less than 2) 


with d.c. flowing 


Range 0.01 to 1000 H. 

Superimposed d.c. Variable from 0 to 1 amp. 

a.c. Excitation 1, 2, 5, 10 or 20 Volts r.m.s. 

Frequency 50 or 60 c/s. ; 
Accuracy Better than + 5%. 


Full technical information available on request. 


A Company within the J. Arthur Rank Organisation 


WORSLEY BRIDGE ROAD - LONDON «: SE26 


Telephone HiTher Green 4600 


SALES AND F. C. Robinson & Partners Ltd., Hawnt & Co. Ltd., Atkins, Robertson & Whiteford Ltd. 
SERVICING AGENTS 287 Deansgate, Manchester, 3 59 Moor St. Birmingham, 4 100 Torrisdale Street, Glasgow, S.2 
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Two new 


American Types 


Filament Voltage (Volts) Vr 5.0 
Filament Current (amps) I¢ 7.5 


I, (pk) max. 5.0 
P.I.V. max. 10 


Base 
Super Jumbo push type. 








ESU 673 


Filament Voltage (volts) Vp 5.0 
Filament Current (amps) Ir 10.0 


Maximum Peak Anode Current (amps) 
I, (pk) max. 6.0 


Maximum Peak Inverse Anode Voltage (KV.) 
P.LV. max. 15 


Base 
Super Jumbo push type. 


This valve is a plug-in replacement for the American type 673. 
Characteristics are the same as the Ediswan type ESU 575. 


Ediswan make many types of Industrial and Transmitting valves. 
Would you like further information ? 


EDISWAN 








Mercury Vapour Rectifiers 
direct plug-in replacements for 


Maximum Peak Anode Current (amps) 


Maximum Peak Inverse Anode Voltage (KV.) 


This valve is a plug-in replacement for the American type 8008. 
Characteristics are the same as the Ediswan type ESU 872. 


INDUSTRIAL & TRANSMITTING VALVES 


Radio Division, 





THE EDISON SWAN ELECTRIC COMPANY LIMITED, 


155 CHARING CROSS ROAD LONDON W.C.2. 
Telephone: Gerrard 8660 Telegrams: Ediswan, Westcent, London. 
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Connollys have never been 

checkmated or even checked in their 

steady progress as one of the world’s 

leading manufacturers of winding wire. 

Checks however, do take place—stringent quality 
checks—enabling Connollys to build up a fine reputation 

amongst discriminating users. 
Their Conymel wire (vinyl acetal coated to B.S.S. 1844) has a world 
wide reputation as being the best of its type and Connollys are one of 


the largest manufacturers of this wire in the British Empire. 


CONNOLLYS (BLACKLEY) LIMITED 


Kirkby Trading Estate, Near Liverpool 
Telephone : SIMonswood 2664. Telegrams : “‘SYLLONOC, LIVERPOOL ” 
Branch Sales Offices : 


GONNOLLYS Qenclong Wires 


SOUTHERN : MIDLANDS : 
34, Norfolk Street, Strand, London, W.C.2. 15/17, Spiceal Street, Birmingham. 
TEMple Bar 5506. MiDland 2268. 
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TURRET PUNCH PRESSES 


a Type R2 This powerful hand-operated press is 

speedy and simple to operate. With 12 punch 
stations it will handle an exceptionally wide range 
of work, and is essential for the efficient produc- 
tion of short-run jobs. 






















Type R4 (With optional standard gauge » 


attachment) 

The deep throat of the Model R4 enables an even 
wider range of work to be handled. Round, 
Square, rectangular or shaped holes produced 
with equal ease. Turrets rotate freely to the desired 
station and are positively indexed and locked. 
SPECIFICATIONS R2 R4 








Throat depth i 12” 24” 
No. of punch stations... ... 12 12 
Max. punch diameter... ... 24” 24” 
Punching capacity: 24” dia. in 1/16” thick mild steel 
I)” ” ” 4’ ” ” ” 
wie Ee ee EARLY DELIVERY 


Also available are various power-operated models up to 80 tons pressure capacity 


BRITISH BUILT TO THE ORDER OF :— 


DOWDING & DOLL LTD 


346 KENSINGTON HIGH STREET, LONDON, W.14 


Telephone WESTERN 8077 (8 lines) Telegrams. ACCURATOOL HAMMER LONDON 
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What shall we play on it? 


Our repertoire on the Austinlite Rotary is almost inexhaustible. 
Choose a switching composition as complex as you please 
and it is a practical certainty that an Austinlite Rotary will not only 
handle it, but handle it with less fuss and complication 
and in less space than any other method you can think of. 

We can do anything you ask with Austinlite rotaries because every 


switch is built for its job, no matter how special the job may be. 


Rotary switching is SIMPLIFIED SWITCHING 
ask AUSTINLITE about it 


AUSTINLITE LIMITED, LIGHTHOUSE WORKS, SMETHWICK 40, BIRMINGHAM 
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Clearly-you get better pictures 
with this ALUMINIZED 
cathode ray tube 


a 


You cannot beat the new Ediswan Mazda Aluminized Cathode Ray 




















Tubes for picture quality or length of life. Ediswan Aluminizing gives 
60% brighter pictures with greater depth of contrast. The improved 
ion trap tetrode electron gun effectively traps harmful ions within 
the tube. Ediswan production methods, including the special 
in-line exhausting process, guarantee a higher, more uniform 
standard of efficiency. For complete satisfaction recom- 


mend Ediswan Mazda cathode ray tubes. 
















USEFUL 
LIGHT 






60% MORE 
LIGHT 





OR BACKING 









Without Aluminizing With Ediswan Aluminizing 


Without Aluminizing, tubes waste half Ediswan aluminized tubes have a mirror 






their light by backward reflection. To backing to the screen. All the light is 






counteract this the brilliance must be thus thrown forward giving brighter, 





increased which shortens tube life. clearer pictures, and extra life. 








Quicker Service 


Ediswan are the only com- 
pany to have 6 fully equipped 
cathode ray tube service 


Depots throughout Great | AZ D A 


Britain, thus providing 


better, quicker tube testing ALUMINIZED CATHODE RAY TUBES 


should the need arise. Also, 
18 Ediswan District Offices THE EDISON SWAN ELECTRIC COMPANY LIMITED 
carry stocks of tubes. : 155 Charing Cross Road, London, W.C.2, and branches Member of the A.E.I. Group of Companies 
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TRANSFORMER PROBLEMS 
WE HAVE SOLVED... 





ED 








2 
Implementing the policies of N.A.T.O. has brought its own problems not the least of which 
are the varying electrical properties of the actual raw materials selected for electronic and 
radio equipment and components. The news that Gresham Transformers have completely 
and successfully met the requirements of American Specification MIL/T27 is yet another 
achievement which goes to prove that , 


é 
4 


¢ To Every Transformer Problem 


ral There is a GRESHAM Answer 


4 


(GRESHAM 


\ TRANSFORMERS LTD 


SS 


TWICKENHAM ROAD, HANWORTH, MIDDX. FELtham 2271-4 



































IDIDILUESIEX 
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COSSOR presents Model 1052 
double beam oscillograph 





Two similar amplifier channels with an 
approximate gain of 2000 and an upper 
frequency response of 5 megaeycles 
(—6DB) are features of this new 
Cossor Double Beam general purpose 
oscillograph. The repetitive or 
triggered time base has a -sweep 
duration from 200 milliseconds to 

5 microseconds. 
The instrument will operate from 
power supplies of any of the various 
frequencies and voltages en- 
countered in the Armed Services 
or from standard civil supply mains. 



























and Model 1433 
voltage calibrator 


Primarily designed to be used with the Model 1052 
oscillograph the Cosser Voltage Calibrator Model 1433 
provides an accurate means of calibration of input voltages 
to the plates or amplifiers of any oscillograph. Calibrating 
voltages are read directly from a wide scale meter without 
any computation being necessary. Measurements can be made 

to an accuracy of + §% and the instrument can be used in any 
application where a source of accurately-known voltage is required. 


C 0 % S () R ELECTRONIC INSTRUMENTS 


Write for illustrated leaflets about both of these instruments 


A. C. COSSOR LTD., INSTRUMENT DIVISION, DEPT. 2, HIGHBURY GROVE, N.5 


Telephone: CANonbury 1234 (33 lines). Telegrams: Cossor, Norphone, London. Cables: Cossor, London 
C.1.56 
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TO SEPARATOR 
TANK 





COOLING 
WATER 


7 INLET 


COOLING 
WATER 
OUTLET 


ee, | 


OPERATING CYCLE OF KINNEY VACUUM PUMP 
The plunger, moving in the direction of the arrow, rapidly 
creates space into which gas is admitted through the inlet 
valve. 


Simultaneously, gas previously trapped is being 
compressed. When the plunger reaches its highest 
position, air or gas and surplus sealing oil is expelled 
through the outlet valve and nozzle into the oil separator 
tank. There, the oil is retained and the air or gas dis- 
cnarged to the atmosphere. Further movement of the 
plunger closes the inlet valve and completes the cycle of 
operation. . 


NEW (DEAS SOLVE OLD PROBLEMS 









KINNEY VACUUM PUMPS 
SHOW THE WAY 


Has it ever occurred to you that Kinney Vacuum 
Pumps might well solve your problems ? Cathode 
ray tubes, electric lamps, coated lenses and mirrors, 
drugs, foodstuffs, coated foils, condenser papers, 
electrical components—these are a few of the 
products now being made quicker, better and more 
profitably, thanks to Kinney Vacuum Pumps. 
Models VSD and DVD single stage (10 microns 
absolute pressure or better); model CVM double 
stage (0.5 micron or better), displacements 15 to 
700 c.f.m. Bulletins 
ror and 104 tell 





re, eames) 
RADCLI sores ) : 


you all about them. 


GENERAL ENGINEERING CO. raocurre) LTD. 


Station Works, Bury Road, Radcliffe, Lancs. 
Telephone : Radcliffe 2291 (3 lines) Telegrams : “ General ” Radcliffe 


London Office: 3rd Floor, 9 Victoria Street, London, S.W.1. 
Telephone: Abbey 5278 
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Stondord 


magnetic alloys 
component designs 


of maximum efficiency 


PERMEABILITY (B/H) 





Relationship between flux density, permeability 
and magnetizing force for the various grades 
of PERMALLOY and V-PERMENDUR. 


FLUX DENSITY—GAUSS (B) 


0.001 0.01 0.1 10 10 50 
MAGNETIZING FORCE—OERSTEDS (H) 


H™ quality and consistency, backed by first-class service, 
are important features in this range of Standard magnetic alloys. 
As large-scale users of Permalloys in communication, electronics 
and other fields, Standard enjoy the unique advantage of 
observing these alloys under normal working conditions, a factor 
which has played an important part in their development. 


Please ask for 
further particulars. 


Standard Telephones and Cables Limited 


Registered Office: Connaught House, Aldwych, W.C.2 


TELEPHONE LINE DIVISION: North Woolwich, London, E.16 
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GOODMANS 
POWER 





—provides a stabilised 10—10,000 c/s supply 


FOR USE WITH A vibration generator depends for its accuracy largely upon the 
THE GOODMANS suitability of its driving equipment. Goodmans—who pioneered 
VIBRATION vibration generators in this country—have now produced a 
GENERATOR self-contained drive unit consisting of oscillator, amplifier and 
MODEL V.47 power pack. Although primarily intended for use with 
Goodmans Model V.47 Generator, it will also find wide application 
or where small in the laboratory and in industrial processes where a high 
scale vibration quality source of audio frequency is required. A brief specification 
testing is of this latest Goodmans product is given below, and full 





involved circuitry details are available on request to ‘‘ Vibration Dept.” 


BRIEF SPECIFICATION 

Frequency range _10-10,000 c/s in 3 ranges. 
Power output 5 watts into 3 ohms. 

Output level stability +0.05 db 10-10,000 c/s. 
Distortion less than 0.2 per cent. 

Hum level 72 db down on 5 watts. 


Power supply 100/115 v, 200/225 v, 225/250 v. 
50-60 c/s 75 watts. 


Weight 45 Ib. 
Dimensions  164”x 13” x11’. 


GOODMANS INDUSTRIES LIMITED, AXIOM WORKS, WEMBLEY, MIDDX. Telephone : WEMbley 1200 (8 lines). 
GD 
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Track Assembly 
Moulded with 


‘Araldite’ 


This selector unit (part of the Ultra Jet Pipe 
Temperature Control System) controls the 
temperature of the exhaust gases of a turbo-jet 
aero-engine. 

The resistance elements and track segments are 
moulded in ‘Araldite’ Casting Resin B,-simplify- 
ing assembly and sealing the elements against 
climatic changes and ensuring mechanical 
stability. 

This is another example of the versatility of 
‘Araldite’ epoxy casting resins which combine 
exceptionally low shrinkage on setting with 
resistance to high temperatures, humidity and 
corrosive agents. ‘Araldite’ epoxies are facilitat- 
ing production in many industries—most 
notably in the potting and sealing of components 
for radio, electronics and electrical engineering 


Photo courtesy ‘ gener ally. 
of Ultra 
Electric 
Limited 

















THESE ARE THE NEW EPOXIES! 
‘Araldite’ (regd.) epoxy resins are obtainable in the following forms :— 
@ Hot and cold setting adhesives for metals and most other materials in common use 
@ Casting resins for the electrical, mechanical and chemical engineering industries 


@ Surface coating resins for the paint industry and for the protection of metal surfaces 


Full details will be sent gladly on request. 





. Araldite ) epoxy casting resins 








Aero Research Limited 


DUXFORD, CAMBRIDGE. Telephone: Sawston 187 A Ciba Company 
® 264-754 
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Eleetronie 
Instrument Racks 


Ls 


Your delicate and expensive 


Electronic Equipment deserves 
worthy housing. H. & H. Cabinets 
and Racks add, to unique design and 
precision craftsmanship, the crown- 
ing merit of superb finish. Specialists 
intthe production of precision sheet 
metal work, for many years, we are 
admirably equipped to provide to 
your own specification Cabinets of 
a high standard of craftsmanship 


throughout at reasonable prices. 


Our Design and Development Staff 


is always at your disposal. May we 


serve you ? 


We also manufacture precision components to 
users’ designs: All types of Valve Screens, Coil 
Cans, Chassis, Panels, Condenser Mountings, 
Valve Mountings, Loud Speaker Chassis, and 
pressings and sub-assemblies in any metal. 


H.H.100 
Copyright Hassett & Harper Ltd., 1954. 


British,Patents Pending. 


Overall Height 692” 
Width 223” 
Depth 26’ 


” 
” 





















Hassctt € Hlerper lid 


LONDON : 


REGENT PLACE, BIRMINGHAM, 
140, PARK LANE, W.I. 


Telephone : CENtral 6418 (4 lines) 


Telephone : MAYfair 9651 (3 lines) 


CONTRACTORS TO GOVERNMENT DEPARTMENTS 
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C0 HILL LTD 


Manufacturers of 


Non-Ferrous Sand Castings, Brass, Naval 
Brass, Brazing Metal, Gunmetal, Phosphor 
Bronze, Aluminium Bronze, High Tensile 
Manganese Bronze, High Conductivity 
Copper, “Hilchil” Chill Cast Phosphor 
Bronze Bars, Cored and Solid. 

Sand Castings in all Aluminium Alloys, including 
Heat-treated Alloys, Aluminium Alloy Gravity 
Die Castings. 


Wood and Metal Pattern Shop. Fully Approved 
Laboratory and Test House with Inspection 
Organization. Facilities for Radiology. 
Specialists in Development and Quantity 
Production of Castings for Radar. 


Design your Castings for 
SHELL MOULDINGS 


and save Machine Shop costs 


C.&1.HILL LTD 


Stringes Lane, Willenhall, S. Stafis. 


Tel: Willenhall 227 Grams: Hill 227 
(4 lines) Willenhall 
Branch Works: Wednesfield Road, Willenhall 


Both our Foundries are available for 
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Casting in 
Aluminium Alley 
(approx. weight 386 Ibs.) 








Prototype Work 
WhiteAd 26198 
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Mianuracturers OF 





EQUIPMENT, and 
DEVELOPMENT GROUPS 


are invited to send 





today for this NEW 









complete catalogue of Ediswan Clix 


Radio, Television and Electronic 






Components. Just write “Components 



















Catalogue please” on your 





















business letterhead and 

















we will send you a copy. 
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THE EDISON SWAN ELECTRIC COMPANY LIMITED, Member of the A.E.I. Group of Companies 







C.R.la Radio Components Sales Office: 21 Bruton Street, London, W.1 Telephone: Mayfair 5543 
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155 Charing Cross Road, London, W.C.2 and Branches. Telephone: Gerrard 8660. Telegrams: Ediswan, Westcent, London. 
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Insulating problems taped! 
—_with‘E"z=.0 ON” 


Film and tape manufactured from 
‘FLUON’ polytetrafluoroethylene by Crane Packing Ltd. 


‘FLUON’ tape has outstanding dielectric and insulating properties over a very wide 


range of frequencies and temperatures —60 to 109 C.P.S. and -80°C to 250°C. 


* ‘FLUON’ is the registered trade mark of the polytetrafluoroethylene manufactured by I.C.I. 
Please ask for full technical data. 


IMPERIAL CHEMICAL INDUSTRIES LTD., LONDON, S.W.1 


P.£73 
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MARCONI HR 2l 
Independent Sideband 
HF Receiver for 

point-to-point services 











This receiver is designed for independent sideband 
reception of telephony and covers the frequency range 
3-27.5 Mc/s. It provides: selection of one of 6 crystal 
controlled spot frequencies or continuous tuning over 
the whole range, motor driven automatic frequency 
correction, reducing errors of up to 3 Kc/s to sub- 
stantially zero mistune. Reconditioned or local carrier 
may be used for demodulation, full metering and 
monitoring facilities. 


























Particular 
attention has 








been given to ease 





of servicing and all 
wnits are easily withdrawn. 






MARCONI 


COMPLETE COMMUNICATION SYSTEMS 
Surveyed, planned, installed, maintained 


MARCONI’S WIRELESS TELEGRAPH COMPANY LIMITED - CHELMSFORD - ESSEX 
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DO YO“ KNOW... 


e@ e@ @e af75 oscilloscope having a Y amplifier flat to 5 M/cs 
and a rise time of .o7 uSec ? 













e@ @ e an instrument that will make automatically 350 con- 
tinuity and insulation tests in 40 seconds ? 


e e e an oscilloscope with an amplifier rise time of 7 
millimicroseconds ? 


e e e the most convenient way of buying an American in- 
strument when you have a genuine need for one ? 


If you are on our mailing list and have received your copy of PROC. L.L.L. 
the answer is yes in every case. If, however, selecting the right instrument 
for any job and getting it quickly is sometimes one of your problems, let us 
send you a regular copy. 





LIVINGSTON LABORATORIES LTD 


RETCAR STREET :. LONDON - NIQY «+ Tel: ARChway 6251 
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INFINITELY VARIABLE 


auto 
transformers 


The “VARIAC” is the original, continuously 
adjustable auto-transformer . . . the ideal control 
for varying the a-c voltage applied to any electrical, 
electronic, radar or communications equipment. 
Voltages from Zero to 17% above line are obtained 
by a 320-degree rotation of the shaft, which is 
equipped with a direct-reading dial, calibrated 
accurately. 

“VARIAC” offers many real advantages over any 
other type of a-c control: compared with the losses 
of resistivecontrols they save their initial cost within 
about one year. They are available in various 
sizes from 170 VA up to 25 Kilowatts. 3-gang 
assemblies are also available for 3-phase working. 
Prices vary from £7.10.0 upwards. 

Write for our Catalogue—Technical Manual 
V.549, which gives all possible information. 





ie Ba 




















Pte 
oe 













‘ ene . oe she <2 
ate eer ted as is ; 





*s Rp «, ‘d 
Oe, NS, 329 2 oe ey gc vffare. 
ERR TS SP ES 


CLAUDE LYONS LTD. 


ELECTRICAL AND RADIO 
oi LABORATORY APPARATUS ETC. 
a 180, Tottenham Court Road, London, W.1. “<3 
.. and 76, Oldhall Street, Liverpool 3, Lancs. ye 
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Request also our 20-page Supple- 
mentary Catalogue giving 
complete information on our new 
and complete range of A.C. 
Automatic Voltage Stabilisers: 
These range from 200 VA to 
25 kVA. Performance is excellent, 
from No-Load to Full Load, and 
stability is quite unaffected by 
frequency variations. 

Prices are exceptionally low. 
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Claude Lyons Ltd. are exclusive distributors of GENERAL RADIO ae 

equipment in this country. If you require information about their ~48 

extensive range of instruments please tick appropriate square(s). g Bae ay 
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Germanium Diodes 


for the @ specialized 


* 


equipment £7q 
, 4 . designer ‘ 




















Approx. actual 
size. 





Where small size and stability 
of characteristic, unaffected by repeated 
cycles of humidity, are of first importance 
choose STC diodes, which will give you complete 
reliability. The five types described below are available 
from stock, and others are in course of development. 





TYPE NUMBERS 



































Abridged Data 
at 20°C 2X/102G | 2Xx/103G | 2X/104G 1cV448) ‘evans 
Peak Inverse Voltage (V) 85 30 30 100 70 
Minimum Reverse 500 100 100 500 50 
Resistance (kilo-ohms) (at 70V) (at 20V) (at 20V) (at 50V) (at 50V) 
Maximum Forward 500 250 1000 333 250 
Resistance (ohms) (at IV) (at 1V) (at 1V) (at 1V) (at 1V) 





Comprehensive data sheets may be obtained from: 


Stondord Telephones and Cables Limited 


(Registered Office : Connaught House, Aldwych, London, W.C.2.) 
Radio Division 
- OAKLEIGH ROAD, NEW SOUTHGATE, LONDON, N.II 


AUGUST 1954 49 ELECTRONIC ENGINEERING 











Varcont H.F. “My 


Field Intensity 
Veler TYPE TF 930 











Portable Equipment for f.m. and a.m. 





Field Strength Measurement 


For use in the range 18 to 125 Mc/s, the Marconi H.F. Field Intensity Meter is 
portable, battery operated and complete with dipole aerial which can be telescoped 
for both tuning and transit. The design of the instrument permits measurement on 
both f.m. and a.m. transmissions during actual modulation. 

The equipment is in the form of two carrying cases: one case houses the instrument 
proper, all operational controls being protected by a detachable lid; the second case 
contains the collapsible aerial assembly. 


FIELD INTENSITY RANGE 

40 kc/s Bandwidth: 10 to 
100,000 V per metre at 18 
Mc's. 

100 to 2,000,000 .V per metre 
at 125 Mc/s. 

150 ke/s Bandwidth : Approx. 
1/4 sensitivity of 40 ke/s 
bandwidth. 


OUTPUT 
Audio : Operates panel meter 
or phones, 


Recorder : Operates any re- 
corder of 5 mA f.s.d. and 
560 ohms resistance, maxi- 
mum values. 


MARCONI instRUMENTS 


SIGNAL GENERATORS + VALVE VOLTMETERS - Q METERS - FREQUENCY STANDARDS 
BRIDGES - WAVEMETERS + WAVE ANALYSERS - BEAT FREQUENCY OSCILLATORS 


MARCONI INSTRUMENTS LTD - ST. ALBANS - HERTS .- Telephone: St. Albans 6160/9 


Midland Office: 19 The Parade, Leamington Spa Northern Office: 30 Albion Street, Kingston-upon-Hull 
Export Office: Marconi House, Strand, W.C.2, 
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the answer to 
many problems 


will be found within the pages of the 
Pullin Electrical Measuring Instrument 
Catalogue. A copy by your side will enable 
you to plan the instrumentation of your 
electrical installations at the drawing board stage, 
and save much time and money later on. 
Write for a copy stating the particular range 
of instruments in which you are interested. 


SERIES 20, 2” DIAL 
MINIATURE RANGE. 
Round projecting type 
also. available in round 


SERIES 35, 34” DIAL V.U. METER ; 
or square fiush pattern, 


for power level indication 


SERIES 25, 24” DIAL MINIATURE RANGE. 
Square flush type also available 

in round projecting or 

round flush pattern. 





RECTANGULAR FLUSH 
PATTERN INSTRUMENT. 


Wich circular pressed steel 
Hace. atid mauided: teams waves: NOLO NID) PROJECTING TYPE SWITCHBOARD, 
ite, , INSTRUMENT (4° AND 6” DIAL SIZES). 
Heavy duty cast iron front d | c ibl flush 
Pawo rc Hee available. n pressed steel case. onvertible to flus 
mounting by separate attachment. 


Industrial Measuring Portable 
Switchboard Instruments Testing Instruments 
voltmeters | Dynamometer Multi-Aange 
Wattmeters Testing Sets Test Sets 

Frequency Meters 


MEASURING © INSTRUMENTS (PULLIN) LTD., ELECTRIN WORKS, .WINCHESTER STREET, ACTON, LONDON, W.3. 
PHONE: ACORN 4651-3 AND 4995. 
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WAVEGUIDE ATTENUATOR VANES 













PMREATEN for STABILITY 


AVX-SERIES FOR 3m. WAVEBAND AVS-SERIES FOR !Ocm WAVEBAND 
WAVEGUIDE WG. I6 WAVEGUIDE WG.1O 
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Across Wirvegate (nches: Across Wievagede (nches: 


Attenuator vanes of nickel-chromium alloy films on glass 
are available from stock for 3 cm and 10 cm bands. 
Vanes for other wave-bands are constantly under develop- 
ment and specific inquiries are invited. The vane is 
electrically stable and the alloy film has a very low resist- 
ance-temperature coefficient so that attenuation variations 


_ for normal ambient temperature changes are negligible. 


METROPOLITAN - VICKERS 


ELECTRICAL CO LTD RAFFO ARK MANCHESTER, | 





Member of the A.E.1. group of companies 


Equipment for Science and Industry 


N/R40! 
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PROGRESS {IN CONTROL 





SUNVIC 
TIME DELAY 
SWITCHES 


B.T.H. Transceiver Unit 
with doors open. 


The use of Sunvic time delays for vital applications in aircraft 
is an example of their undoubted reliability and consistency. 
They provide delays from 3 seconds to 6 minutes unaffected 
by variations in ambient temperature. They are used by all 
the leading manufacturers of radar equipment for circuit pro- 
tection and have a variety of other applications, including 


filament protection in electronic equipment and sequence switching. 


Another example of the important part played BY 


EQUIPMENT BY 

















SUNVIC CONTROLS LTD. (Special Products Divn.), No. | Factory, Eastern Industrial Estate, Harlow, Essex. "Phone: Harlow 24231/5 


Manufacturers of Pneumatic and Electrical Instruments for detection, measurement, control and recording of Temperature, Flow, Liquid Level, 
Specific Gravity and Pressure, in Science and Industry. Vacuum Pumping and Measuring Equipment, etc. 
z Member of the A.E.I. Group of Companies. 





TaS/SC.294 


AUGUST 1954 ELECTRONIC ENGINEERING 
E 






























Telephone : BUShey Heath 2411 - 


ELECTRONIC ENGINEERING 





AC vottae 


VOLTAGE REGULATOR 


— a precision instrument of outstanding performance 


* Reliability 


* Exceptional accuracy 


* Not affected by frequency 


* Low distortion 
* Fast response time 


* No load to full load performance 


* Excellent finish and 


fine workmanship throughout 


Manufactured under licence by :— 


J. LANGHAM THOMPSON LTD. 


BUSHEY HEATH - HERTS. 
Grams and Cables : “‘ Tommy Watford” 
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MODEL L.T.-1000-2S 


Specification 
RATING 1 KVA 
INPUT VOLTAGE 190-260 
INPUT FREQUENCY 
50 c/st+10% 

OUTPUT VOLTAGE 
220-240 (adjustable) 
REGULATION ACCURACY 
+0.1% nom. 
RECOVERY TIME 0.1 secs. 
HARMONIC DISTORTION 
3% nom. 
P.F. RANGE Unity to 0.7 

LOAD RANGE 

No load to full load 
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* Daylight loading 
* Viewing of screen whilst recording 
* Lenses from f/3.5 - f/1 
* Indication of remaining exposures 
* Adaptation to popular oscilloscopes 
* Shirley-Wellard cassettes 
* Manual shutter operation for beam switching 


Manufactured by :— 


J. LANGHAM THOMPSON LTD. 


BUSHEY HEATH - HERTS 
Telephone : BUShey Heath 2411 - Grams and Cables : “‘ Tommy Watford” 

















AUGUST 1954 ELECTRONIC ENGINEERING 





55 





Precision 
Cathode Ray 
Tubes 


High-speed 
Recording Tube 
Series S6A 


This is a 6 in. Precision Tube with 
a flat face ground and polished 
internally and externally. The 
accurately aligned gun gives free- 
dom from spot aberrations com- 
bined with small trapezium dis- 
tortion and minimum deflection 
errors. The tube is rated at a 
maximum accelerating potential 
of 12.5 KV and when used with 
fast blue-sensitive photographic 
emulsions it is capable of 
resolving milli-microsecond 
phenomena. Both X and Y 
deflector plates are brought out 
to side arms to give low plate 
capacity. 





il 








MANUFACTURERS 
OF PRECISION 
CATHODE RAY TUBES 








Series 





Diameter 


Overall length (mm.) 








Heater Volts 





Sensitivity ... 


mm./volt x VA, 


Plate capacity 





pur ... . 
"VA, max. KV 
~ VA, max. KV 
"* When VAy: VA, = 2:5 — 

** With respect to cathode. 











Screens : 

D6B — Blue for photographic or visual use. 
D6G — Green for visual observations. 

D6éP — Medium persistence. 

D6F — Fluoride. Long persistence. 

D6D — Double screen. Long persistence. 











20" Century 
Electronics Limited 











20th CENTURY ELECTRONICS LTD. 
Telephone : GIPsy Hill 2277/78. 


DUNBAR WORKS, DUNBAR STREET, 
WEST NORWOOD, LONDON, S.E.27. 


ELECTRONIC ENGINEERING AUGUST 1954 














MICROWAVE 


Precision Instruments 


32/1400 VARIABLE 
REACTANCE 


Probe has precision setting 
to .0| mm. by micrometer 
and vernier scales. 


100/800 «‘S’’ BAND 
CO-AXIAL WAVEMETER 


This wide range instru- 
ment uses co-axial line and 
crystal detector; improved 
version shortly available 
wiil be self calibrating. 
**Q” approximately 2,000; 
range 8-12 cms. 


32/500 «*X’’? BAND KLYSTRON 
MOUNT 


Totally enclosed housing uses 723 
AB Klystron as signal source. Out- 
put from left handflangecontrollable 
for monitoring purposes. Con- 
necting cable mounted at the rear 
of the unit. 


100/1300 ««$** BAND 
STANDINGWAVE METER 


This precision instrument 
is machined from solid 
material and has an accur- 
acy of .0! dB’s. Carriage 
travels on ball bearing 
rollers, and is controlled by 
steel wire and a drum 
mechanism. 


32/1840 “«*X’’ BAND 
HIGH POWER LOAD 


Mean Power Input: 50 
watts. Peak Power Input: 
50kW. Terminating v.s.w.r. 
-97 approx. 


Further details of these and other instruments 
in the “X’’ and “S’’ Band range is available 
upon request. 

We undertake the manufacture of waveguide 
components on contract to customers’ drawings 


MICROWAVE INSTRUMENTS LTD. 


WEST CHIRTON INDUSTRIAL ESTATE, 
NORTH SHIELDS, NORTHUMBERLAND. 
Telephone : N. Shields 2817. 

Telegrams ; Microwaves N. Shields. 
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5 XENON RANGE 


| . .. quick heating-up time ... freedom from effects 








of ambient temperature .. . 


‘e 


ABRIDGED DATA (All Half-wave Rectifiers) 


MERCURY VAPOUR MRGTTTT 





MERCURY VAPOUR 
RANGE 


. zirconium coated anode. . . minimum bom- : 
ardment of cathode . . . extremely long life. 


any mounting position 


suitable for fixed and mobile equipment. 


‘\ 
i 
7 

J 




















P.LV. ia (pk) la (av) Ambiert 
Type No. British Services Base Vi if Max. jax. Max. Temperature 

Type No (Vv) (A) (kV) (A) (A) Range (°C) 

; flo 1.0 Ty 

RR3—250 CV1835 4-pin UX 2.5 5.0 5 20 05 —55 to + 75 
RR3—1250 Cv2518 B4F 5.0 7.1 10 5.0 1.25 —55 to + 70 
RGI—240A CV 1626/1072 British 4-pin 4.0 2.7 6.5 1.25 0.25 + 10 to + 40 
RG3—250 CV1625 Medium Edison Screw 2.5 5.0 10 1.0 0.25 + 10 to + 40 
RG3—250A CV32 4-pin UX 2.5 5.0 10 1.0 0.25 + 10 to + 40 
RG3—1250 CV1629/152 Goliath Edison Screw | 4.0 7.0 13 5.0 1.25 + 10 to + 40 
RG4—1250 cvs Goliath Edison Screw 4.0 iT 13 5.0 1.25 + 10 to + 40 
* 872A CV642 B4F 5.0 1.25 + 10 to + 40 








%* Supplied for 


replacement purposes 
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Commentary 


De of the objects in increasing the cost of the television 

licence earlier this year was to make the television service 
self-supporting and less dependent for its income on sound 
broadcasting. At the time these increases were made it was 
announced that, as soon as possible after the completion of 
the television network, a start would be made on a new V.HLF. 
network to supplement the existing medium- and long-wave 
sound broadcasting services which have long been in an unsatis- 
factory position. 

The causes which have brought about this state of affairs 
have been well known and so, too, have the remedies, but 
economic conditions and the popularity of television have 
both tended to prevent any steps being taken by the BBC to 
improve conditions. 

Considerable satisfaction, therefore, will now be felt with 
the Postmaster General’s recent announcement that he is at 
last able to give the BBC permission to proceed with the first 
stage of its scheme to erect a network of v.H.F., F.M. trans- 
mitters in this country. 

Some nine v.H.F, transmitters are to be installed and, with 
the exception of Wrotham, they will all be erected on existing 
television sites. 

Wrotham has been operating as an experimental station for 
some time past and, by May of next year, will become the 
first to be in regular operation, serving London and the Home 
Counties, to be followed by Pontop Pike and Divis (near 
Belfast). 


* * * 


Te British Institution of Radio Engineers held a Conven- 

tion at Oxford from 8 to 11 July and had as a theme, 
“Electronics in Industry.” Over 300 persons, including many 
from overseas, attended and over 40 papers were presented 
and discussed. The Convention was wound up by an address 
from Sir Walter Puckey, President of the Institution of Pro- 
duction Engineers, and a debate, at which Sir Walter took 
the Chair, on the motion, “ Electronics is the Key to Increasing 
Production in Great Britain.’ Many of the points made by 
Sir Walter were provocative, as no doubt they were intended 
to be, and several, perhaps, were made somewhat tongue in 
cheek. But, coming from one not directly concerned with 
electronics, but at the same time pre-eminent in the field of 
production engineering, they cannot be neglected. 

One point in particular is worthy of special note, and that 
is the accusation that the electronic engineer is often guilty 
of wearing blinkers when dealing with industrial problems. 
This, of course, is partly true, though rarely is it an intentional 
fault on the part of the engineer. The reasons for the malady 
are manifold. In part it may be a case of “not seeing the 
wood for the trees,” the old problem of becoming so involved 
with the intimate details that the wider aspects of a project 
cannot be appreciated. Enthusiasm, probably the greatest 
asset of any research worker or engineer, can be, too, a handi- 
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cap. Over enthusiasm for electronics has doubtless accounted 
for many involved, and oftimes clever and ingenious, schemes 
to perform a task that could, to overstress the point, be per- 
formed equally well with a piece of string and sealing wax. 

Probably, however, the main difficulty, and one that is 
inherent to the application of electronics to industry, is that 
the electronics engineer very often has not a deep enough 
knowledge of the industrial process with which he is called 
upon to deal. He may, for instance, be confronted with a 
control problem in a chemical process; he cannot, however, 
normally be expected to have any great knowledge of either 
chemistry or chemical engineering, or of the mechanical or 
other methods that have previously been used or tried for the 
control of the process. Without this knowledge it is unlikely 
that the problem will be solved in the most efficient manner. 

There is no simple, or single, solution to the problem. 

Attention must obviously be given to the training of engi- 
neers who intend to specialize in the industrial application of 
electronics. Their “end” must be recognized from the begin- 
ning and the whole of their training must be directed towards 
this end; it can no longer be considered as an offshoot or 
sideline to communication engineering. An adequate ground- 
ing must also be given in other branches of engineering and 
science. It may also be that there is the need for a new type 
of liaison engineer, a man who is, so to speak, a jack of all 
trades and a master of none. It is abundantly impossible for 
any normal man to have an intimate knowledge of the many 
branches of engineering and science that are entailed in an 
increase in productivity in the many industries that form our 
lifeblood, but, with the right type of training it should be 
possible to produce an engineer with a sufficiently wide range 
of knowledge to be able to explain, for instance, to the elec- 
tronic engineer the problem and type of answer required, say, 
by the chemical engineer. A man, in other words, who can 
speak coherently and intelligently the various types of language 
understood by the many branches of the engineering and 
scientific proféssion. 

Another approach to this problem is to train electronic 
engineers to serve one industry only. A considerable start on 
this road of approach has been made by the industrial research 
organizations, such as the Road Research Association, the 
Linen Research Association, etc., and by the larger industrial 
organizations who have set up their own electronic departments. 

A vital need, too, is a freer interchange, and a less jealous 
guarding, of knowledge between the specialized types of engi- 
neer; here the professional institutions could play an important 
part by arranging more joint meetings and by encouraging 
members of one institution to read suitable papers to the 
other institutions. 

Finally, it may be apt, if one is allowed to turn a full-circle, 
to remark that the main use for blinkers is to ensure that a 
horse runs a straight course, and there can be no more certain 
way of winning a race than that! 
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Continuous Recording of the Human 
Heart-Rate 


By W. E. Boyd*, M.A., M.D., M.Brit..R.E., and W. R. Eadie* 


The problems due to physical movement of the subject which arise in recording the human heart- 
rate are reviewed and a-new cardiotachometer which overcomes these problems is described. 


hig the course of hospital research on the human heart 
a continuous recording of the heart-rate was required 
from a subject under the following conditions. 


(a) Confined to bed for periods of up to a week or more 
and engaging in normal activities, e.g. sitting up, 
washing, eating, being handled by attendants, etc. 

(b) Carrying out controlled exercises either in bed or 
standing on the floor, e.g. lifting weights, the Master 
step test, etc. 


In a previous article’ a cardiotachometer was described 
for use on anesthetized or decerebrated animals. During 
over two years of continuous use this design has proved 
entirely satisfactory for the purpose. When applied to the 
recording of the human heart-rate, however, and especially 
under the strict requirements of this particular research, it 
was evident that an entirely new approach was necessary. 
A review of the literature on the subject?"** showed that so 
far only limited success has been claimed in such recordings 
during exercise. This conclusion was confirmed by practical 
tests on a number of designs. 


Detection of Heart Action 


Evidence of the heart action can be classified under the 
two headings, “ mechanical”, i.e. detectable by touch or 
sound, and “electrical”, ie. detectable on, say, a galvano- 
meter. Designers of cardiotachometers have, in general, 
tended to favour the use of the “electrical” evidence 
(electrocardiogram or E.c.G.). This is understandable from 
an examination of Fig. 1(a) where it will be seen that the 
E.c.G., when taken from an appropriate site on the body 
and under carefully controlled conditions, can provide a 
waveform very suitable for operating a _ rate-meter. 
Unfortunately, such conditions could not be obtained in this 
particular project. On the contrary the actual waveform 
which would be available for operating a cardiotachometer 
under even average conditions of the research is shown in 
Fig. 2(a). As will be seen the E.c.c. has practically dis- 
appeared in the background of interference. In view of this 
is was considered worth while investigating other methods 
of registering the heart beat. 


Mechanical Methods 


In what have been termed the “ mechanical” methods a 
transducer is required. A simple type employs a micro- 
phone to pick up either the heart sounds from the chest 
wall or the pulse sounds from, say, the side of the neck’*-**. 
After suitable amplification the resulting potentials operate 
a wave-shaping and counting circuit. A typical record of 
the waveform obtained from the microphone is shown in 
Fig. 1(c). Extraneous noise, however, precluded the use 
of this system as is shown in Fig. 1(d) where the subject 
has coughed. Other sounds which would produce arte- 
facts are speech, breathing, friction of clothing, etc. The 
recently developed thermionic transducer provides a sensi- 
tive alternative to the microphone, but for present purposes 
suffers from the same objections. 





* The Boyd Medical Research Trust, Glasgow. 
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An elaboration of the above is to use either of them in 
conjunction with an inflated cuff placed around a limb or 
the forehead. For short recordings the method has advan- 
tages, but produces considerable discomfort after a time. 


i | 











(ad 


Fig. 1(a). Typical E.C.G. taken under ideal conditions, showing P, Q, R 

S and T components. (b). Same as Fig. 1(a). but showing interference from 

muscle potentials produced by subject pulling with his arms. (c). Output of 

microphone placed on chest wall, and corresponding E.C.G. (d). Same a 
Fig. 1(c). but subject has coughed 


There is also the disadvantage that muscle movement must 
be limited. 
In the impedance plethysmograph”® a section of a limb 
is connected as one arm of a radio-frequency bridge. The 
quantity of blood in the limb will vary between systole 
and diastole and hence the impedance to R.F. current. AD 
out-of-balance signal is, therefore, available which can be 
rectified and used to operate a counter. Once again muscle 
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movement makes this method unsuitable since it too will 
produce changes in the blood content of the section of 
limb. Similarly any method using direct current to register 
changes in resistance of a section of a limb suffers from this 
disadvantage coupled with others, such as variations in 
electro-chemical potentials, skin contact resistance, etc. 

An ingenious method makes use of changes in the colour 
of the skin or tissue during each heart-beat. A beam of 
light is reflected from the surface of the skin, or through 
the web of the finger, or the ear lobe on to a photo-electric 
cell?**’. Variations in the blood content below the skin 
produce corresponding changes in the amount of light of 
a chosen wavelength reaching the photo-electric cell. For 
our purposes this system had two main disadvantages. The 
first was that unless really miniature components were 
used, considerable discomfort would be caused to the sub- 
ject on long recordings. Such components were not avail- 
able. The second was of greater importance and applies to 
all systems which rely on a “ mechanical ” indication of the 
heart action. In cases of disease of the circulatory system 
the heart frequently has a diminished action, while the 
arteries may also tend to lessen the mechanical effect avail- 
able for registration. Such cases, unfortunately, may also 
be the most interesting clinically. It, therefore, appeared 
that the greatest possibilities still lay in using the E.c.c. 
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Fig. 2(a). Actual mixed waveform present at electrodes during moderate 

exercise and comprising E.C.G., 50c/s interference and muscle potentials. 

(b). Upper line—spiked output waves at selective amplifier anode of new 

cardiotachometer, extracted by it from mixed waveform of Fig. 2(a). Lower 

line—Fig. 2(a). with most of the 50c/s interference and some of the muscle 

potentials removed to show that above waves bear a definite time relation- 
ship to the ORS 


(Relative amplitude and polarity should be disregarded as they have been 
determined by the double-beam oscilloscope) 


Electrical Method 


An E.c.G. like that shown in Fig. 1(a) can be obtained by 
attaching two electrodes to suitable parts of the body, 
e.g., one on each fore-arm, with a special conducting jelly 
interposed to reduce the electrical resistance. The subject 
lies on a couch insulated from ground and the electrodes 
are connected to an amplifier, the input stage of which is 
a long-tailed pair or a cross-coupled stage. The subject is, 
therefore, electrically balanced to ground and if the surface 
of the body is at a uniform potential, the in-phase com- 
ponents of electrical intereference from supply mains, etc., 
are cancelled out. The subject, however, must remain com- 
pletely relaxed and refrain from movement, or interference 
potentials, arising from the muscle action, will become 
evident. The effect is seen in Fig. 1(b) where the same 
subject has attempted to raise himself to a sitting position 
by pulling with his arms. 

In the case of a subject moving about a room, an analysis 
of the complex waveform present at the electrodes may 
show that it consists of the following: 

(a) The E.c.c. with a frequency range of 0-3c/s to 
50c/s or over, and an amplitude (peak-to-peak) of 
0:25mV to 2mV. 

(b) Potentials due to muscular action with a frequency 
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range from zero to several thousand cycles per second 

and an amplitude of up to 10mV or more. 

(c) Electrical interference from house wiring etc., with a 
frequency of 50c/s and an amplitude between ImV 
and 20mV with occasional instances as high as 
750mvV. _(The amplitude will also show abrupt 
changes if the subject is touched by an attendant.) 

(d) Electrical interference from X-ray or diathermy, etc., 
which may be of practically any frequency and 
amplitude. 

(e) A slowly fluctuating “p.c.” potential arising from 
electro-chemical action in and under the skin and 
with an amplitude of up to 100mV. 

(f) “p.c.” potentials due to electro-chemicai action on 
the metal of the electrodes, having an amplitude 
between 20mV and 50mV and with abrupt changes if 
any movement between the skin and electrodes takes 
place. 

(g) Electrostatic charges arising from friction of clothing 
etc, 

(h) “p.c.” potentials derived from the skin of an 

attendant touching the subject. 


Although this list may appear formidable there are a 
number of items which are easily removed. The steady 
“p.c.” potentials are eliminated by a capacitance coupling 
in the amplifier. The abrupt changes, however, remain. 
These have components from zero frequency upwards and 
sufficient amplitude to block any normal amplifier. They 
are best dealt with by removing the cause as far as possible. 
This will be discussed more fully under the heading of 
electrodes. At first sight it might appear that mains and 
other interference could be removed by using a balanced 
input stage, but this is not the case since an attendant 
touching the subject will seriously upset the state of balance. 
For 50c/s interference a filter of the parallel-T or Wien 
bridge type is quite effective, although it will not neces- 
sarily deal with abrupt changes. The effect of these, how- 
ever, will be greatly reduced by other means to be 
described. Screening can be of value in certain cases. A 
subject lying on an electric blanket, for example, may 
have as much as 750mvV of a.c. appearing across the elec- 
trodes. Enclosing the blanket in a sheet of metallic cloth 
will reduce this to below 20mV. The reduction of interfer- 
ence by X-ray and diathermy can usually be done by a 
combination of screening and filtering, but conditions vary 
so widely that it is not possible to generalize. 

Potentials due to muscular activity are undoubtedly the 
most difficult form of interference to remove. It was found, 
however, that a wave analysis of “muscle” potentials com- 
pared with that of the E.c.c. showed that while the spec- 
trum of the E.c.G. rose steeply in amplitude down to below 
5c/s that of “muscle” potentials fell with increasing 
rapidity below 20c/s. It was reasonable to assume, there- 
fore, that by using a selective amplifier, freedom from 
“‘ muscle ” interference would be an inverse function of the 
selected frequency. An amplifier resonant at 15c/s had 
already been employed in the original design for use on 
animals, but extensive tests on human subjects over the 
region 10c/s to 20c/s showed that the degree of freedom 
from interference was not sufficient for our purposes. Fre- 
quencies below 10c/s on the other hand could not be 
examined with a normal L.F. selective amplifier because it 
tended to ring so long that interference arose between 
successive beats. In the heterodyne type of wave-analyser, 
on the other hand, where selection takes place at around 
50kc/s, the decrement is very much greater and it was 
found possible to examine the region from 2c/s to 10c/s 
without difficulty. A frequency of 6c/s appeared to be the 
best compromise. Below this the R-wave output between 
the various types of E.c.G. varied much too widely, while 
above it “muscle” interference increased. 

To make use of a heterodyne analyser circuit in the final 
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Fig. 3. The circuit of the cardiotachometer 


design was, however, quite out of the question on the grounds of size, 
complexity and poor stability at such low frequencies. Various forms 
of L.F. resonant circuit were tried in which the ringing was suppressed 
after the counting circuit had been triggered and before the next beat 
was due. Considerable success was achieved but difficulties were 
encountered from spurious transients in the suppression circuit and 
unreliability. Overcoming these led once again to undue complexity 
and so the idea was shelved. 

_The circuit finally adopted is extremely simple yet has proved con- 
sistently reliable. It comprises a triode phase-shift oscillator (V.» Fig. 3) 
damped below the oscillation point by 1-0V to 3-0V positive grid bias, 
When an £.c.G. waveform is applied to such a circuit, a sharp positive 
going spike is obtained at the anode which is eminently suitable for 
triggering a wave shaper. The effect is clearly shown in Fig. 2(b) where 
the spikes are displayed coincident with the R-waves from which they 
are derived. The E.c.G., obscured by muscle potentials, etc., is that 
of Fig. 2(a) obtained from an electrode on each wrist, but the subject 
has stooped down and raised a 5lb weight above his head. The increase 
in heart-rate can be easily seen. For the sake of clarity most of the 
50c/s and some of the “muscle” interference have been filtered out. 
It should also be noted in passing that although a negative-going 
R-wave is required this does not necessarily mean that polarity at the 
electrodes must be observed. As will be seen presently the extreme 
low-frequency components of the E.c.G. are removed in the pre-amplifier 
and this normally results in a diphasic ORS. It may at times be the 
S-wave, therefore, from which the rate is derived. 


The Complete Design 


Rate-recorders or tachometers are already extensively used in research 
and industry and the basic principles are adequately described in the 
literature**"**, When these principles are applied to recording the 
human heart-rate, a typical design falls into five main sections. 

(a) A transducer, where necessary, to provide from the heart action 
an electrical output of identical recurrency. 

(b) A pre-amplifier to bring this output to a usable level. 

(c) A wave-shaper to give one impulse of constant amplitude for 
each heart beat. 

(d) An integrating circuit to develop a potential difference propor- 
tional to the frequency of these impulses. 

(e) A voltmeter calibrated in beats per minute, to measure this 
potential difference. 


For the special purposes of this research the following features had 
also to be included in the final design. 

(a) Mains operated and stabilized against variations in the supply 
voltage and frequency. 

(b) No critical adjustments and capable of continuous use by non- 
technical staff. 

(c) Operate on an E.c.G. of 0:25mV upwards. 

(d) Unaffected by considerable variations in amplitude of the E.c.G. 

(e) Freedom from blocking in the amplifier. 

(f) Output to give a thin easily read tracing on a 0 to 1mA pen- 
recorder. 

(g) Suitable for use in a hospital ward as well as a laboratory and 
as small and light as possible. 


The circuit is shown in Fig. 3. 


PRE-AMPLIFIER 

A peak-to-peak input of 5-0V was found satisfactory for the operation 
of V.». With an E.c.c. of 0-25mV this called for a gain in the pre- 
amplifier of 2 x 10*. This is easily obtained from the “starvation” 
circuit of Volkers*’ and is far ahead of any other circuit tried (V, V2). 
Some values shown may appear unusual in view of the very low 
frequency concerned. These have been dictated by the necessity of 
ensuring rapid recovery from a large transient input such as might be 
produced by the accidental displacement of an electrode. In the worst 
case likely to occur it has been found that not more than one beat will 
be lost due to amplifier blocking. This same property also provides 
a satisfactory degree of automatic gain control since distortion of the 
waveform due to overloading is of little account. ; 

It would have been preferable to place the 50c/s filter at the input 
of V,, but variations in electrode impedance altered the null setting. 
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Similarly when placed between V, and V,, it upset 
the stability and increased the blocking time of the 
“starvation” amplifier. Capacitor C, had, therefore, to 
be included to reduce the amount: of 50c/s and “ muscle” 
interference reaching V.., which might cause it to be 
permanently overloaded. 


WAVE-SHAPER AND DELAY CIRCUIT 

A convenient form of wave-shaper is the univibrator 
(V;, V.). The circuit chosen** is particularly free of 
troubles arising from leakage in the coupling capacitors. 
As will be seen presently, these are unusually large. In opera- 
tion Vza is cut off by the high bias across R,, and Va 
by the bias across R,,. A positive impulse from V.» 
initiates the univibrator action in which the anode poten- 
tial of Vyas falls. This negative going impulse charges 
capacitor C,, which operates the diode pump V,. A diode 
limiter (V;») has been inserted to protect the diode pump 
V, from spurious signals which might break through from 
V,a, but are neither large enough, nor are intended, to 
operate the univibrator. This limiter ensures that the anode 
potential of V,. must fall below a certain level, deter- 
mined by the setting of R,, before the charge on C,, is 
altered. At the same time it establishes the total poten- 
tial change which will be applied to C,, and hence to the 
diode pump. The potentiometer R,, is, therefore, the cali- 
bration adjustment. Although the heater-cathode voltage 
of V;» is high no trouble has been experienced from 
leakage. 

In a typical E.c.G. (Fig. 1(a)) the P-wave is normally too 
small to be of any account, but in many cases the T-wave 
will operate the 6c/s resonator, giving an output compar- 
able with that of the R-wave. This would produce a 
recorded rate of twice the true figure. A delay has, there- 
fore, been incorporated in the wave-shaper so that only 
one or the other will operate the counter. 

In an E.c.G. the Q-T interval obeys the formula 
Q-T = KVC, where K =0-385 and C = interval be- 
tween beats**. The range of the present design has been set 
at 0 to 150 beats per minute to accommodate a standard 
paper printing. It is seldom, however, that rates below 50 
beats per minute will be encountered. Considering the 
range, therefore, as 50 to 150 beats per minute, the Q-T 
interval will vary from 0:42sec at 50 beats per minute to 
0:24sec at 150 beats per minute. These will also be suit- 
able delay periods at these frequencies regardless of 
whether the R-wave or S-wave is being used. There is, in 
fact, an advantage in having the delay as long as possible 
since it reduces the time during which interference or large 
transient impulses can produce a false count. At 150 beats 
per minute it could, in fact, equal the periodicity, i.e. 
0-4sec. On the other hand, at 50 beats per minute and 
ignoring the interference question, it need only equal the 
R-T interval which will be approximately 0-37sec. The 
same delay period would, therefore, be suitable for the 
entire range. In practice it has been found an advantage 
to have it variable between 0:4sec to 0-5sec. The value is 
controlled by R,;. 


VOLTMETER 

The indicating instruments are a 750 0 to ImA panel 
meter in series with a 30002 0 to 1mA Evershed and 
Vignoles pen recorder. This has necessitated the use of a 
diode-pump and valve-voltmeter in the counting circuit 
instead of one of the more simple arrangements with a 
higher sensitivity meter. At the same time it has permitted 
the introduction of a number of valuable features. Capa- 
citor C,, applies to the grid of V,», the a.c. component 
appearing across the integrating circuit R,,C,,. Cancella- 
tion of this component, therefore, takes place in the cathode 
circuit and removes what is in effect the “heart rhythm” 
from the meter. Without this the pen would swing on each 
heart-beat and record a broad band®. Pen-to-paper friction 
is overcome by feeding 50c/s current from the heater supply 
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into the meter circuit via R,, and C,,. The exact amount 
will depend on the quality of paper used and the viscosity 
of the ink. 

The push-switch S$, provides a marker signal which is 
sharply defined and is distinctive from anything arising 
from a subject’s heart. The range of the instrument is a 
matter of choice and can be readily extended by switching 
in alternative values for R,, and R.,. Two ranges of 
“probable error” are available by means of switch S,. 
They enable the amount of detail shown on the record to 
be adapted to the paper speed. A lever on the paper- 
puller motor provides speeds in inches per hour or inches 
per minute. Convenient values are 1 inch per hour for long 
recordings and 1 inch per minute for exercise tolerance 
tests. 

In an integrating instrument of this type the rate shown 
is not the actual rate at any particular instant, but a figure 
dependent on what has gone before. For a change in rate 
the time taken to reach, say, 95 per cent of the true 
reading is determined by the value of capacitors C,, and 
Cis, i.e. by the “ probable error.” Large values will give 
a cleaner record at low paper speeds, but the value chosen 
should be related to the particular information required 
about the subject’s heart. . 

The neon light N flashes on each heart-beat, so giving 
a simple check on correct operation. In a larger model two 
“ magic eyes” have been provided. The first is connected 
to the output of the pre-amplifier and shows the heart 
rhythm, while the second shows the output of the uni- 
vibrator. They are placed close together so that they can be 
viewed simultaneously. In this way a valuable check is 
obtained not only in normal use but especially in difficult 
cases. The new Mullard DM70 miniature tuning indicator 
appears to be a suitable alternative which will be in- 
corporated in the present design as soon as available. The 
power supply is a standard series-valve stabilized type and 
merits no comment. 


ELECTRODES 

The type of electrode used and the method and place of 
attachment, are of some importance, not only for correct 
operation of the instrument, but to ensure minimum dis- 
comfort of the subject. Any of the standard electro- 
cardiograph electrodes and connexions will give good results 
up to a point. The electrodes must be firmly fixed, with 
no tension on them during movement. The connexion 
giving the largest E.c.c. is, of course, preferable. Two main 
problems, however, had to be overcome to achieve the very 
best results. On long recordings the electrode sites tended 
to become dry and contact poor, while during violent 
exercise, movement of the areas of skin relative to the 
electrodes caused large changes in the steady polarization 
potentials which gave rise to a false count. 

The most satisfactory form of electrode so far developed 
to meet this consists of a lin by lin plate of 22 s.w.c. 
silver moulded into the bottom of a shallow square dish of 
alkathene. These are easily prepared by hard-soldering a 
lin by lin piece of fin metal to the centre of a metal 
plate. On top of this is placed the silver electrode with an 
insulated lead attached and overall is placed a sheet of 
1/16in alkathene. A bunsen flame is now carefully played 
on the alkathene, so that it melts and flows down over the 
metal jig. When cold it will be found that the silver plate 
is firmly held. The edges of the alkathene should be 
trimmed to leave an tin flange all round. It is an advan- 
tage to make one electrode curved, by curving the jig, 
so that it fits more comfortably to a limb. A thin coating 
of silver-chloride is deposited electrolytically on the silver 
plates*® and the electrodes are filled level with a paste of 
soft soap, KC1 and glycerine. 

For a bed-ridden subject the flat electrode is attached to 
the chest by sticking-plaster or collodion, after first clean- 
ing the site with alcohol. By making this the earthed elec- 
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trode there is a large reduction in artefacts due to handling 
of the subject by attendants. The curved one is attached 
to the left ankle by a soft strap and is the live electrode. 
Connexion to the recorder is made through a thin low- 
noise coaxial cable terminating on and securely fastened 
to the ankle strap. The core of this cable is attached to the 
ankle electrode and the outer screen extended by a thin 





; 
; 


Fig. 4. Specimen record of the heart-rate of a patient suffering from heart 
disease, taken while pu‘ling a 6kg weight 17 times over a puiley 





Fig. 5. The Boyd Research Trust Cardiotachometer with the Evershed and 
Vignoles pen-recorder 


flexible lead to the chest electrode. A coaxial plug and 
socket inserted about 6in from the ankle permits discon- 
nexion without disturbing the electrodes. This arrange- 
ment has also been found suitable for exercise tolerance 
tests. In the case of step tests it will obviate tripping on the 
cable if it is also brought up to the shoulder and, if neces- 
sary, fastened there. 


Results 
The facility which the B.R.T. Cardiotachometer provides 
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for studying the heart response during exercise opens a wide 
field for experiment in both normal and abnormal heart 
conditions. Long recordings may be made on bed-ridden 
subjects which show in a remarkable fashion the response of 
the heart to various stimuli. Emotional response, depth of 
sleep, response to drugs, etc., can be clearly displayed, 
Fig. 4 shows an example of the type of record obtained in 
a simple exercise test with a patient suffering from heart 
disease, while Fig. 5 shows the complete instrument. 
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EE 


(Lyons Electronic Office) 
(Part 2) 


Operation and Maintenance 


By E. H. Lenaerts* 


ART 1 traced the history and development of LEO, 

built by J. Lyons and Company Ltd, and gave an out- 
line of the design of the machine. This part discusses some 
of the problems that have to be faced in the daily operation 
and maintenance of LEO. Because most of the routine 
work to be done is clerical work, which has to be performed 
to a fairly tight time schedule, a breakdown of longer than 
one hour can mean a serious dislocation of the schedule 
of work. Testing and maintenance of this machine must, 
therefore, aim to reveal any potential weakness before it 
can give rise to such a breakdown. Adequate time must be 
specially set aside for this purpose. On the other hand, 
faults do occur during operational work and when this 
happens, they must be dealt with as rapidly as 
possible. There are, therefore, the twin problems of eliminat- 
ing weaknesses so that faults do not arise, and of rectify- 
ing faults quickly when they do. The measures taken to 
achieve the desired standard of efficiency in maintenance 
will now be described, starting with the switching-on pro- 
cedure and including details 


machine at a time; for example, addition was tested with 
varying patterns of pulses representing both positive and 
negative numbers for several hundreds of repetitions. Sub- 
traction was then tested in the same way and so the various 
arithmetical instructions were individually checked. Each 
operation was checked by comparing the actual answer 
obtained with the correct answer placed in the store from 
the data tape at the start. This method of testing was rather 
wasteful of machine time as it was virtually impossible to 
test any one action without using other actions. 

A more serious disadvantage was that sometimes calcu- 
lating errors occurred in jobs in which the number 
pulse patterns had no special peculiarities, although the 
action test did not show any kind of fault. Closer 
examination revealed that these test programmes which are 
by nature repetitive, produce regular patterns of wave- 
forms, whereas jobs in which sequences of orders are 
repeated only after long intervals, produce irregular 
patterns. 
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job, and finally an analysis of 
the methods of fault tracing 
which are used. 


Routine Machine Testing 


_ As described in Part 1, the switching-on procedure 
includes an automatic delay in raising the heater voltage 
and an interlock prevents the H.T. being applied before this 
has been done. When the supplies are on, the morning test 
procedure starts. For approximately one hour after 
switching-on the calculator is given over to maintenance 
and testing. All the different calculating, input, and output 
circuits and devices are tested by means of “test pro- 
grammes”. This procedure only takes about 20 minutes, 
but adjustments and replacements, including the routine 
inter-change and setting-up of spare units, takes up the 
rest of the hour. The design of test programmes to confirm 
~ reliability of the machine is of interest and is described 
ow. 

Test programmes are of two types. The first are pro- 
grammes designed to give an assurance of the general 
serviceability of a large part of the machine. These are 
referred to as General Test Programmes. The second are 
designed to test one particular function of the machine. 
These are referred to as Action Test Programmes. 

The earliest type of test programme used was derived 
from what we call “Action Tests.” These were used 
with EDSAC”’, for testing one action or function of the 
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Fig. 13. General computor test programme 


The most recent tests are deliberately designed to 
resemble normal programmes as closely as_ possible, 
although the patterns of pulses are carefully chosen in order 
to present the most difficult conditions for the circuits 
involved, and are changed periodically during the tests. 
Fig. 13 is a very much simplified flow chart of the general 
computor test now used. In fact, the programme includes 
41 individual tests, each of which gives a specific indica- 
tion should an error occur. The loop is intentionally made 
as long as necessary to give a comprehensive arithmetical 
test to the computing circuits. 

In this test a series of arithmetical operations is per- 
formed on each pattern, testing at each stage that the 
operation has been carried out correctly. If at any time an 
error is indicated, a code number is printed by the tele- 
printer. Thus, if a “17” is printed, this indicates that an 
error has occurred when shifting a negative number to the 
right in the accumulator. Tests of this nature are par- 
ticularly powerful in conjunction with the marginal testing 
technique which will be described later. 

It has been found convenient to use an entirely separate 
test for the store in which the types of fault checked for 
are: 

(a) Picking up extra digits in a particular mercury delay 

line; 
(b) Dropping of digits from a particular delay line; 
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(c) Failure to extract information from one or more 
delay lines; 


(d) Failure to plant information in one or more delay 
lines; 


(e) Corruption of patterns in one delay line of the store 
by those in another. 


Each compartment of the store is checked in such a way 
that not only is it confirmed that the correct pulses have 
been stacked, but also that they have not been stacked 
anywhere else. Because a part of the store has to be used 
to hold the programme for checking the remainder, the 
store test is, in fact, in two parts. These use different parts 
of the store for the programmes of orders, enabling the 
whole of the store to be checked in the same way. In each 
case the checking is done by clearing that part of the store 
not used for the programme, stacking a different pattern 
in all available compartments, and then checking that the 
correct pattern has been stacked. 

The testing of the input and output equipment follows 
the form of the general computor test except that, of 
course, it is not possible to make an internal check of what 
is printed by the tabulator. The test, therefore, arranges 
for the printed output to be in a form that can easily be 
checked by inspection. The output from the card punch is 
tested by feeding the cards punched back into the card 
feed. 

Summarizing the foregoing, we have found that the best 
plan for carrying out a routine test on the installation is to 
use three separate tests on: 


(1) The store; 

(2) Arithmetical circuits; 

(3) Input and output circuits. 

The tests are carried out in the order stated. 


A distinction is drawn between the tests used daily as a 
matter of routine, and those used only when a fault has 
been revealed but has yet to be traced to its cause. The 
former can be termed “ Assurance Tests” and their pur- 
pose is to prove that all parts of the machine are depend- 
able. Such tests are not always the most effective in 
analysing the particular cause of a failure to pass, say, the 
addition checks in the general computor tests. It happens 
that “Action Tests” are sometimes more convenient for 
this purpose and they are used on some occasions. In 
other cases, a very simple test is often worked out by the 
engineer on the spot and put into the store from the push 
buttons. Tests of this type which repeat a particular 
sequence of orders fairly frequently, allow the pulses and 
waveforms in particular circuits to be readily examined 
with an oscilloscope. 


Valve Testing 


An analysis of the causes of the machine failures such 
as is presented in Table 1 shows that valve failures are by 
far the commonest cause. For this reason, a good deal 
of care is taken to see that inherently faulty valves are 
not introduced into the machine and subsequent tests are 
made at intervals to detect changes in characteristics during 
the life of the valve. 

New valves are tested on receipt from the makers and 
any found faulty immediately returned. The remaining 
valves are aged in a special unit outside the calculator for 
about 100 hours, during which they draw current equal to 
that obtaining in a typical circuit. They are then tested 
again and any further faulty ones rejected. All good valves 
are numbered and put into store. When a valve is put 
into a socket in the machine, the date and socket position 
is noted in a log-book. When that valve ultimately fails, 
the date is again noted with details of failure so that 
accurate statistics on valve-life under various conditions 
can be compiled. 
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Valves are first tested for inter-electrode shorts in two 
horizontal positions, as it has often been found that an 
intermittent failure in the machine could not be produced 
until the valve was tested in precisely the same position in 
the tester. They are then checked for mutual conductance 
and peak emission at Vz = 0 with known potentials on 
anode and screen. Standards of performance for both 
used and new valves have been laid down. For new valves 
these are intended to approximate to the maker’s low 
limits, and for used valves, to about 66 per cent of the 
new performance. As was mentioned in Part 1, all 
circuits are designed to work with valves having only 
50 per cent of new performance, so even a valve that has 


TABLE 1 


Analysis of the Prime Cause of Faults investigated over a Representative Period 
of Three Months 


















































TYPE OF FAULT PER CENT 
Mechanical failures* —... im a “ 240 
Bad connexions or dry joints... ate ate 8-0 
Resistors .. yp Aud ae See a 6:0 
Capacitors .. ae e he ye ie 2:0 
Interference bi “ “ S a 1:0 
Unclassified ss hs a mu oe 12:0 
Valve failures os 3h os ie Be 47-0 
100-0 
* Including faults on input/output equipment. 
TABLE 2 
Analysis of Valve Failures and Rejections 
(Not including Diodes) 
TYPE OF FAULT NUMBER 
Low emission a te ve a ie 435 
High gas current .. — Si ae ty 65 
Open-circuit heater oe = ig 23 
Other internal disconnexion rt be as 26 
Inter-electrode short ae - aS Ss 381 
Cracked envelope .. * Ss ne es 22 
Loose pins .. oS = i Be Bye 18 
Broken top cap _.. a fe sii 69 
Unclassified BS “k me és oe 41 
1 080 
Number of valves in machine : 
ECC 33 ss ia pe 1589 
SP 61 824 
KT 61 275 
EF 50 173 
EF 55 Ms 86 
Total Re ve A .. 2947 
Hours of operation si ae a .. 10 500 
Average failure and rejection rate per 1000 
hours ny i? ae == 3°49 per cent 


reached the lower limit has still some margin of safety. 
This margin is clearly necessary, however, since it will be 
several months before a valve is tested again. Table 2 
gives an analysis of valve failures which have occurred 
during an operating period of some 10000 hours, and 
includes rejections as a result of intermediate tests. _ 

The figures in this table do not include double-diode 
valves because by far the biggest cause of rejection of 
this type is due to the following peculiarity which cannot 
be considered as a normal fault, though it has been one 
of the most serious valve troubles on LEO. This was the 
gradual increase in forward resistance in thermionic diodes 
used in gating circuits. A new valve usually has a forward 
resistance of between 200 and 4000, but it was found 
that where diodes are not called upon to pass current for 
long periods, this forward resistance increased, sometimes 
to as much as several thousand ohms. This effect is not 
peculiar to any diodes of particular manufacture as three 
different equivalents of the CV140 have been used, and all 
show this effect. 
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Because of this characteristic, it was decided some time 
ago to change over to germanium diodes and this is being 
done gradually. 

Valve failures have a different effect on the performance 
of the machine according to whether they are: 


(a). Gradual; 
(b) Catastrophic; 
(c) Intermittent. 


It is possible to guard against interruption of normal 
operation due to gradual failures, but little or nothing can 
be done to anticipate troubles due to failures of the other 
two types. In order to guard against gradual deterioration, 
one set of valves (about 20), is removed and replaced by 
a set of well-tested spares before the machine is switched 
on each day. During the day the valves removed are 
checked, and given a vibration test to show up possible 
intermittent faults, and any found to be below standard 
are rejected. The next morning these valves are replaced 
in their original positions and another set removed for 


testing. Where, as in the circuits of the store, there are $¢ 


a large number of units of the same type, a complete unit 
is removed for inspection and testing with its valves, and 
replaced by a tested spare unit. 


+250V 














Fig. 14. Pulse amplifier 


In this way, it is possible to bench-test all the valves in 
the machine about once in six months. In addition to this 
valve testing procedure, a weekly check is carried out on 
the current being passed by all the valves in the machine 
which normally pass more than 10mA and those which 
are normally biased off. 


Marginal Testing 
In order to detect whether the machine has an adequate 
margin for correct working at all points in the circuits, it 
is necessary deliberately to introduce adverse conditions 
while testing. On some projects this has been done by 
altering the u.T.'* or filament’* voltages generally. Such 
methods have the disadvantage that they do not lend 
themselves to the location of the circuit which is in a 
marginal condition, and that it is not possible to measure 
relative sensitivity of different circuits to these voltage 
changes. A more convenient method has been devised for 
use with LEO, but before this can be explained it is neces- 
sary to examine more closely the nature of the marginal 
failures that can occur. These are of two kinds: 
(a) Failure of a pulse to operate a circuit because it is 
too small or too narrow; 
or(b) Unwanted pulses (breakthrough), or interference 
may operate a circuit. 


These effects can be exaggerated if the gain of the various 
pulse amplifiers in the machine is alternately increased and 
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decreased. Fortunately, this can readily be done in LEO 
since the amplifier used is of the cathode-coupled type 
shown in Fig. 14. The current passing in V,» raises the 
cathode of V,. beyond the cut-off point. A positive pulse 
applied to the grid of V,. brings V,. into current and con- 
sequently cuts off V,», thus a pulse capable of switching 
the current entirely from V,» to V,a produces a positive 
pulse of a well defined amplitude at the anode of V,». Any 
small unwanted pulses on the input of V,, are removed 
by adjusting VR, so that the unwanted pulses do not turn 
on any current in V,,. If the potential to which the grid 
of V, is returned is raised, then breakthrough is amplified 
as well as the wanted pulses, and if it is lowered, then the 


» 4 ~~ > 





+250V 






Vs 
3302 














oe * ad 
bo 6— Output 














Third (a) Pulse pattern circu- 
cutlenian lating in delay line. (b) 
ba Effect of marginal test 
voitage at video amplifier 
Stage. Note reduced 
amplitude and width of 
pulses and appearance of 
the reflexion pulses. (c) 
Envelope of pulse pattern 
displayed on same_time- 
base as (d). (d) The in- 
jected voltage 





ye 


Third reflexions 


(4) 9 Yah dite al 
Le a 


Fig. 16. Effect of marginal testing on store 








wanted pulses receive less amplification. Thus, marginal 
testing can be applied by raising and lowering the grid 
bias on V,a by injecting a small a.c. voltage (Vm) across the 
fixed resistor of 1000 in series with VR,. A system of 
this kind is believed to have been first suggested for use 
on the EDSAC machine. The amplification of the circuit 
is raised above and below normal at 50c/s to an extent 
determined by the amplitude of the injected voltage. The 
optimum setting for VR, is that on which both forms of 
circuit failure begin at the same injected voltage. 

A marginal test can also be applied in an analogous 
manner to the sensitivity of the flip-flop circuit, see Fig. 15. 
In this ‘case, however, the arrangement adopted only 
diminishes the sensitivity to setting and resetting pulses; 
it does not also increase the sensitivity. This has not proved 
to be as serious a disadvantage as might have been expec- 
ted, since when flip-flop components drift, they usually 
cause the performance to become asymmetrical, i.e., as 
setting becomes easier, resetting becomes more difficult 
and is revealed by the test. 

Other circuits besides flip-flops and amplifiers are also 
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subject to marginal test, but in nearly all cases the prin- 
ciple of a.c. variations in bias is used. A slightly different 
method of marginal testing is adopted with the photo- 
electric readers, where the voltage supply to the lamp is 
varied by 10 per cent up and down. This provides a most 
comprehensive test of the reading efficiency. 

The extent to which the application of the 50c/s voltage 
affects the size and shape of pulses in the machine can be 
seen from Fig. 16, which gives a representative picture of 
the effect of an injection of 5 volts R.M.s. into a storage 
unit in which a pattern of pulses is circulating. It can be 
seen that not only are the required pulses reduced in ampli- 
tude and width, but also that the increased amplification 
at the peak of injected voltage has caused spikes to appear 
due to pulses which have traversed the mercury three 
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Fig. 17. Distribution of marginal testing voltages 


Locating the Cause of Marginal Weakness 


A separate wire is taken from each circuit subject to 
marginal test to a central point where the value of the in- 
jected voltage can be controlled. The sensitivities of 
various circuits throughout the machine are individually 
measured and the amplitude applied to each is so propor- 
tioned that when the marginal voltage is applied to all 
wires at once, all circuits fail at about the same voltage. 
This is done by means of series resistors in each lead, the 
value of which is adjusted to suit the sensitivity of the 
circuit served. 

The marginal test voltage is distributed by a system of 
switching, which allows the engineer at the Monitor Desk 
to apply marginal tests in several ways: 

1. As a direct injection to any one of some 350 points 

in the machine; 

2. Through a series resistor to a group of related cir- 
cuits (e.g., computor control circuits relating to 
multiplication and shifting); 

3. Through series resistors to any one or any combina- 

tion of larger groups of circuits (e.g., store A, store 

B, computor input channels, etc.). 

A simplified diagram of this switching system is shown 
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in Fig. 17 where T is a Variac transformer supplying up to 
20 volts 50c/s a.c. S, and S$, together form a decade switch 
enabling the voltage to be switched to any one of 80 lines. 
79 of these lines are connected through groups of resistors 
(B) toa series of some 350 terminals (A). Each of these 
terminals is connected to one of the marginal test points 
similar to those shown in Figs. 14 and 15. In the 80 posi- 
tion of the decade switch, the voltage is connected to a 
series of toggle switches, S, to S... The other sides of 
these switches are connected through resistors (C) to groups 
of the other 79 lines. Finally, a flying-lead (F), enables 
the output from the transformer (T) to be connected 
directly to any one of the terminals (A). 

When a marginal voltage is required to be supplied 
generally to the calculator, S, is set to position 9 and all 
the switches S$, to S,. are made. This means that the 
voltage shown on the meter is being directed to all points 
in the machine through dropping resistors B and C, which 
have been chosen to reduce the voltage applied to each 
circuit to the value it can stand without failing. When 
a test fails under marginal conditions it can be assumed 
that one circuit only has deteriorated and the problem is 
to discover which one it is and put it right. The sensi- 
tive circuit is very easily found by removing the injected 
voltage from different parts of the machine in turn, start- 
ing by opening the switches S, to S,. until the failure 
occurs with only one of these switches made. A further 
narrowing-down of the area of possible failure can then 
be made by selecting one group of circuits through one 
of the terminals (A). This operation can normally be 
carried out within a few seconds and the ultimate dis- 
covery of the particular faulty component can be made 
within as many minutes. 


Routine Method of Using Marginal Tests 


When it has been established that the daily routine tests 
can be carried out with a general marginal voltage of, 
say, 15V R.M.S. being injected in the switching network 
but fail at say, 18V, then the machine is tested daily with 
15V injected. 

If test programmes operate correctly when all the cir- 
cuits are being subjected to the standard marginal 
conditions, experience has shown that the small amount 
of gradual circuit change to be expected during the day 
is most unlikely to give rise to a fault. 

Furthermore, if it is found that although the machine 
fails a test at 15V, it passes it at 12V, then it is perfectly 
safe to postpone the correction of the weakness until a 
more convenient opportunity. This is only one illustration 
of the convenience of the system of testing which allows a 
measurement of the safe margin of operating. If it had 
not been possible to vary the marginal voltage, only a 
Yes/No answer could be obtained and normal operation 
would have had to be suspended. 

Marginal testing then, can be used in two ways. First, 
when applied generally and with the use of general test 
programmes it gives assurance of the overall reliability of 
the machine. Secondly, again using the general test pro- 
gramme, it enables any weakness shown up by the general 
test to be traced directly to an individual circuit of the 
machine. In this respect it is complementary to the action 
test programmes which can be used to localize weaknesses 
by calling on different parts of the machine during tests, 
but it is more powerful in that the locality of test is much 
more precise and that it can be used to test to the point 
of failure. 


Operation of LEO 

When, after the morning maintenance and testing period 
the engineer in charge is satisfied that there is a safe 
margin for reliable operation he passes control of the 
machine over to the operational staff. 
Operating procedure when using the machine on clerical 
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work is necessarily more complicated than when mathe- 
matical work is being done, if only because of the great 
volume of data and results that have to be handled. In a 
mathematical job, a short length of data tape may provide 
sufficient information to keep the machine busy for several 
hours whereas a typical clerical job taking two hours to 
complete may require as much as 200 yards of punched 
tape and 3 000 punched cards. 

One of the first jobs envisaged for LEO was the pre- 
paration of a payroll and this job, which is now being 
done weekly for a staff of 2500, will be used as an 
example to describe the operating procedure. The first 
operation is to feed the programme into the machine. This 
is contained in a pack of punched cards which are placed 
on the Hollerith card reader; reading-in is initiated by 
pressing the CARD START button on the control desk and 
takes about 30 seconds. The first two or three cards carry 
instructions for stacking in the store what is on the rest of 
the cards. 

As each card is read in, the contents are summed and 
checked against a check total carried on the same card. 
This check procedure not only checks that the cards are 
read correctly, but also that they are in the correct order. 
If the calculator finds that a card has been misread or is 
missing or out of order, then the calculator stops and the 
operator must find the cause of the stoppage. 

While the programme is being read in, the operator puts 
punched tapes representing the current data for the week 
on the two photo-electric readers. It simplifies the pre- 
paration of the data tapes to have the current data on two 
separate tapes, one of which carries amendments to the 
other. It is extremely important that the data tapes used 
should be free from all errors; methods of preparing and 
checking the data will be described in Part 3. The operator 
also ensures that the appropriate pre-printed stationery 
has been put on to the printer and a supply of blank cards 
on to the card punch. 

When the last programme card has been read into the 
store, the machine stops. The operator now places on the 
card feed another pack of cards carrying brought-forward 
details for each man, which were recorded the previous 
week by the calculator. All is then ready for the job to 
commence. 

The REsTaRT button is pressed and the job then carried 
on without further human attention—data being read from 
the tape-readers and the card feed, the results to be carried 
forward being punched on to blank cards and the results 
of the computation relating to each man being printed 
on pay-slips by the tabulator. Calculations for each man 
are made separately so that the operation follows the 
routine : 


Read current data (Tapes) 
Read brought-forward data (Cards) 
Calculate 

Print pay-slips 

Punch carried-forward data (Cards) 


Read current data for next man, etc. 


All of these steps overlap, that is to say, that printing 
the pay-slip and punching carried-forward data for man 
No. 1 goes on at the same time as calculation for man No. 2 
and reading the data for man No. 3. The time taken to 
deal with one man is about 1-2 seconds. 

Like all programmes used on LEO, the payroll job is so 
arranged that the calculator will stop if the data or the 
result of computing become inconsistent with the criteria 
laid down. If this happens, it is important that work 
already done shall not be lost. It would be intolerable, 
if a data error or machine fault occurring towards the end 
of a job lasting several hours, made it necessary to start 
again from the beginning. For this reason, most pro- 
grammes provide for punching intermediate results on 
cards so that in the event of a stoppage, the job may be 
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picked up at a point where the results are known to be 
correct. 

In the case of payroll, men are naturally divided into 
departments so that if a stoppage were to occur that called 
for re-feeding the programme, then it would only be neces- 
sary to restart the job from the beginning of the depart- 
ment where the stoppage occurred. The necessary con- 
tinuity of totals is provided by a series of total cards 
punched out automatically at the end of each department. 

Typical inconsistencies which cause the machine to stop 


during the payroll job are as follows: 


1. Key number on current data not agreeing with that 
on brought-forward; 


. Data not in correct ascending order of key members; 
. Check totals in input data not agreeing; 
. Hours x Rate not agreeing with Rate x Hours; 
. Department End card not being followed by Start 
card of next department. 
The programme is so arranged that according to the type 
of inconsistency discovered, an indication is given in the 
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Leo monitor desk: showing meter panel, frequency monitor 
and auxiliary equipment controls (top right), marginal test 
controls (top left), monitor tubes and calculator controls. 


order register of the machine. The operator is provided 
with a schedule of operating instructions which enables 
him to decide what has caused the fault and what course 
of action he should take. For example, the current data 
might include no details for a man for whom brought- 
forward data existed. In that case, the operating instruc- 
tions provide for two courses of action. If the current 
data is out of order, manipulation of the data tapes to re- 
align them is permissible. Alternatively, the accumulator 
may be cleared and the machine restarted; details for that 
man are then ignored, no totals accumulated for him, and 
an “exception” slip is printed to indicate an abnormality. 

Where a more complex query occurs, the job would be 
restarted at a different point, probably at the beginning 
of the next department, so that the machine could continue 
its work while the query is being settled. Later the depart- 
ment in which the query occurred would be done again. 

During the job, the printed results are being scrutinized 
so that if any obviously incorrect pay-slips are printed, 
action can be taken immediately. 

Assuming that no inconsistencies of data are encountered 
the job continues until the last man has been dealt with, 
(an indication of this is given on the last card) and then 
the machine halts. On the completion of the pay-slips for 
the last department, the pre-printed stationery on the 
tabulator is replaced by plain stationery and .a supple- 
mentary programme is fed in on the card feed which causes 
a series of totals and reconciliation accounts to be printed 
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vut. One object of these accounts is to verify as far as 
possible all the arithmetical calculations that have been 
going on by a series of cross-checks. An example of this is 
the account that checks that the total gross pay for all 
employees agrees with the sum of all the net pay plus all 
deductions. This illustrates the comparative ease with which 
programme checks can be incorporated and so draw atten- 
tion to any failure, intermittent or otherwise. 

In order to provide an assurance of the serviceability of 
the machine before and during jobs where checks are 
difficult, a form of test not so far mentioned is used. This 
consists of a short run using test-data on the programme 
that is about to be used. Marginal conditions are imposed 
on the machine and as the results expected from the test- 
data are known, such a 
test gives a good assur- 
ance that the machine is 
in a fit state to do the job. 
Where a job is a long one, 
consisting of several hours 
of work, these test-runs 
are done at regular in- 
tervals so that if a fault 
were to develop during 
the job, warning would be 
given in good time to pre- 
vent time being wasted 
on a doubtful machine. 
Where this method of 
testing has been success- 
fully applied to the end of 
a run, no case of error in 
results has yet been dis- 
covered. 


Tracing Faults 


If during operational 
work a stoppage occurs 
that cannot be explained 
by the operator in terms 
of data inconsistency, or 
if there should be an 
obvious calculator failure, 
then the situation is 
reported to the engineer 
in charge and a decision 
has to be taken on the 
next course of action. If 
it is agreed that the calcu- 
lator was at fault, then 
the operator hands over 
control of the machine to 
ithe engineer. 

i Calculator faults can 
generally be classified under the same three headings as 
were considered in dealing with valve failures, viz: 

1. Failure due to drift in characteristics of components; 

2. Catastrophic failure; 

3. Intermittent failure. 


Failures of the first type may be due to ageing of valves 
or slow changes in the values of resistors. They are 
normally made evident during a routine marginal test, and 
the particular faulty component is traced by the analytical 
use of marginal testing switches already described. 

Catastrophic failures may be caused by open-circuit 
valve-heaters, fuses blowing, or failures of insulation in 
capacitors. Although it is impossible to get any advance 
warning of this type of fault, it is usually fairly easy to 
deal with, since the circuit concerned normally fails con- 
sistently. The analytical type of test programme often pro- 
vides a ready clue to the cause of the trouble. 
Undoubtedly, the most difficult type of fault to deal with 





A rack of Leo units: showing 


accessibility of components; 

any unit can be removed and 

replaced by a spare in a little 
more than a minute, 
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is the intermittent fault. In its worst form it may occur at 
intervals of several hours, if not days, and may be extremely 
difficult to locate. In such circumstances there is not much 
that can be done apart from collecting evidence provided 
by the circumstances in which the fault occurred. When it 
eventually becomes more frequent, as it usually does, the 
evidence will often indicate a point where local vibration 
will make the fault even more frequent, and allow it to be 
discovered. 

_ When an intermittent fault is known to exist the deci- 
sion as to whether to pursue the fault or to proceed with 
productive work is the responsibility of the maintenance 
engineer. If the work to be done is likely to give a clear 
indication of the occurrence of the fault and if it is very 
infrequent, he may decide to proceed and collect further 
evidence should a stoppage occur. If, however, the job is 
one the results of which are not easily checked, as in a 
mathematical job, then he may choose to investigate the 
fault using test programmes. 

Fortunately, the cause of most faults is fairly obvious. 
For example, if the machine stops due to an order having 
disappeared, then it is likely that the fault is a catastrophic 
failure in the circuits of that part of the store, especially 
if the order has been used several times before in the same 
programme. On the other hand, the cause of some faults 
is not so easy to determine and for this reason it is impor- 
— to have a systematic approach to the problem of tracing 

aults. 

It has been found by analysing experience that there are, 
in fact, six natural stages in the process of dealing with a 
fault. These are, in order: 

1. Recognition: Establishing that what appears to be a 

fault is in fact so, and not due to programme error 

or to data which is inconsistent with the requirements 
of the programme. 

. Planning the attack: Making sure that the maximum 
significance is extracted from the evidence provided 
by the fault itself. 

3. Localization of the fault: The discovery of the par- 
ticular kind of faulty behaviour of the circuits under- 
lying the first manifestation. 

4. Discovery of the prime cause: The discovery of the 
faulty valve or component. 

5. Rectification of circuit or components: The replace: 
ment of the faulty part by a sound one. On some 
occasions this may most easily be done by changing 
the unit. 

6. Confirmation that the fault has been cured: The proof 
that the fault has genuinely been cured is most impor- 
tant because: 

(a) The symptoms may have been ascribed to a wrong 

cause and the fault may not have been put right; 

or (b) There may have been more than one fault present 
and only one has been put right. 

Each stage is best considered asa series of questions 
and answers to be supplied by the engineer himself. In the 
recognition stage, for example, the questions to be answered 
include: 

. Is it obviously a calculator fault ? 

. Has the programme been used successfully before ? 

. Have any alterations been made to the programme 
since it was last used ? 

. Are data checks incorporated in the data ? 

. Is it possible that abnormal data could cause the 
effect ? 

Unless the answer to the first questions is “ yes”, it may 
save time to run through the job again. If the results 
from the second run agree with the first then a closer 
examination of the programme and data is necessary. 
Once the machine is suspect, there is always a danger 
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that precipitate testing of the machine may destroy 
evidence held in the store, so that it is often useful to 
extract the contents of the store by using what is called a 
“post-mortem” programme which compares the pro- 
gramme of orders in the store with what should have been 
there at the commencement of the job. Any orders that 
differ are printed, together with the original version, with 
the addresses appended and these are then checked to see 
that the alterations are permissible ones. 

When it is certain that the maximum amount of informa- 
tion has been obtained from the contents of the store and 
the registers of the machine, the next stage in the 
procedure is followed, making use of test programmes and 
the marginal testing system whenever possible. 


Maintenance Team 


The responsibility for maintenance and fault-finding on 
LEO rests upon a team of two electronic engineers, one 
senior and one junior. The junior engineer carries out 
daily tests, interpreting the results and supervising the 
changing of units. He attends to minor faults as they 
occur and makes such adjustments and replacements as 
are indicated by the results of the tests. The senior 
engineer is less directly concerned with the machine and is 
responsible for the maintenance policy. He studies the 
test and fault reports and gives such directions as are 
necessary to counteract changes in circuit conditions before 
they cause errors. 

When the calculator is suspected of being faulty, control 
is handed over to the maintenance engineer so that he can 
take the necessary steps to confirm and correct the fault. 
His first action on taking over is to note what evidence 
may be available. A portable dictating machine is used for 
recording this and the subsequent progress of investigations. 
He also informs the senior engineer of the position, and 
then proceeds to locate and rectify the cause of the 
trouble using either suitable test programmes, or possibly, 
the particular programme on which the machine has failed. 
If the fault is not cured in a few minutes, the senior 
engineer investigates the progress made and may suggest 
an alternative line of approach. The senior engineer may, 
in a difficult case, spend some time with the junior engi- 
neer collecting evidence from the behaviour of the machine 
to enable him to study the problem away from the 
machine. 

Experience has suggested that this approach on two 
levels is a very efficient way of putting the machine right 
quickly. Simple faults are put right almost at once by the 
man who lives with the machine, but when a complicated 
trouble arises, a more detailed knowledge of the logic of 
the machine applied to the evidence available may be 
required and although it is necessary to keep investigation 
proceeding on the machine itself, a tricky fault may often 
~ diagnosed more quickly in the quiet of a neighbouring 
Office. 


Conclusions 


Economical ‘techniques of maintaining and operating 
LEO have been developed and are continually being 
improved. 

The standard of reliability over the past year, during 
which a large amount of development work has been done, 
has improved and shows that the approach to maintenance 


outlined is fundamentally sound. The mercury delay 
lines of the store have given virtually no trouble since a 
reliable method of filling was found two years ago. 
Because marginal tests can be applied at will to individual 
circuits, and the magnitude of the marginal voltage can be 
raised, the system adopted is extremely effective both in 
anticipating and locating the sources of faults. It gives 
information that could be obtained in no other way. 

A good deal still needs to be learned about methods of 
detecting and curing intermittent faults. It would be 
optimistic to hope for an easy solution to this problem, 
but we feel that by a study of the nature of this type of 
fault we may learn better methods of dealing with them. 

Valves continue to be the main cause of trouble and 
efforts must continue to be made to provide better 
methods of testing these outside the circuits of the machine. 
Experience with thermionic diodes and crystals shows that 
in the circuits of LEO, the latter are far more reliable 
in general use but more prone to accidental damage. Our 
development programme provides for the replacement by 
crystals of many thermionic diodes now in use. 

As regards operation, our experience has convinced us 
that routine commercial clerical work can be performed 
by an installation having the features described; that, 
provided there is a sufficient volume of work, it can be 
performed very economically; that provided proper 
measures are taken in regard to the maintenance and pro- 
vision of spares, it can be carried out to a fairly exact 
schedule; and that above all, where such an installation is 
used it will in any case produce results more quickly than 
by other means. 
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A Television Camera at Bradford Technical College 


A television camera has recently been designed and con- 
structed by the Head of the Department and members of the 
staff of the Electrical Engineering Department of the Bradford 
Technical College. 

The camera is constructed around a Pye Staticon Miniature 
Camera Tube which operates on the photo-conductive prin- 
ciple and not by electron emission. The scanned. area is only 
about 12-5mm by 9-5mm which enables a lin f/1-9 lens to be 
used. The standard 405 line 2/1 interlaced system of scanning 
is used so that the camera may be used to feed a normal tele- 
vision receiver. The camera itself measures 10in by 9in by 7in 
and is fitted with an electronic viewfinder. The camera con- 
tains a two-valve pre-amplifier and cathode-follower, with time- 
bases and video amplifier for the electrostatically deflected 
viewfinder, together with pulse amplifier for blanking the beam 
of the camera tube during the flyback time. 
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The camera feeds, through a multicore cable, a control unit 
fitted with 9in monitor tube. The control unit contains a pulse 
generator which produces correct line and frame synchronizing 
pulses and suitable blanking pulses for the camera, together 
with clamping pulses and blanking pulses for the video ampli- 
fier. It also contains the time-bases for the camera tube and 
monitor tube and the supply units. 

Blanking signals are then introduced to suppress the picture 
for the required periods. Finally the line and frame synchro- 
nizing pulses are added to give a complete video waveform, 
which is fed to the viewfinder and, after another stage of 
amplification to the monitor tube. The output is also used to 
modulate an r.F. amplifier fed from a small oscillator. The 
output from this unit is very small and is used on a closed 
circuit to feed television receivers, 

The control unit also contains a Monoscope which enables a 
test card “C” signal to be produced and fed to the monitor 
and R.F. amplifier in place of the signal from the camera. 
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Colour Television Broadcasting 


in the 


USA. 


By C. G. Mayer, O.B.E. 


A description of the RCA system adopted for the broadcasting of colour television in the United 
States of America; together with a brief account of the present status of colour television in that 
country. 


Max has been intrigued with the possibility of trans- 
mitting colour pictures from the earliest days of 
television, and it has been known for a considerable time 
how to do it in a crude kind of way, by methods much 
too inefficient and wasteful to find a place in broadcasting 
as it serves society today. Mankind progresses, at least in a 
technical sense, as one learns to understand and make use 
of the secrets of nature. Just as sophistication follows 
experience, and maturity comes as a result of both; so 
colour pictures follow black-and-white in the orderly 
development of television. 

The basic problem was to find a way by which colour 
could be added to the existing black-and-white service— 
a service which today reaches nearly 30 million receiving 
sets in the homes of the American people. Under these 
circumstances it was obviously highly desirable that the 
transition to colour should be introduced smoothly and 
without disrupting the good relationships between the 
broadcaster and the public. The challenge to our ingenuity 
therefore was to devise a transmission specification which 
would enable colour programmes to be received in colour 
on a colour set, and in monochrome on existing black-and- 
white sets at no additional cost to set owners, and without 
any changes or added devices. The colour set should also 
be able to produce black-and-white pictures from standard 
black-and-white transmissions. A colour television system 
of this kind is called “fully compatible” and has been finally 
adopted. In doing so, however, there was another major 
problem. 

The Federal Communications Commission, which has 
the responsibility for regulating, in the public interest, 
the use of the ether in the United States, has established 
the standards for black-and-white television to operate 
within the 6Mc/s channel allocation structure shown in 
Fig. 1. These standards have given good service and as 
a result television broadcasting has developed rapidly. 

It soon became evident that to meet the demand to 
establish new transmitting stations many additional 
channels would be required. Frequency bands are assigned 
by International agreement, and at Atlantic City in 1947 
the Nations of the World agreed that certain bands, known 
as Bands I, III, IV and V, should be reserved for television 
broadcasting. In the United States the 12 channels avail- 
able in Bands I and III are already completely in use, and 
the only possibility of providing the needed channels was 
to extend the allocation structure into the under-developed 
ultra-high-frequency bands above 400Mc/s, i.e. into Bands 
IV and V. This was done and provided a total of 70 new 
channels, using the same television standards as for Bands 
I and III, so that there are now 258 stations operating 
in these bands, and an additional 130 stations operating in 





* This article is based on a lecture delivered before the Royal Society of Arts, 
May, 1954. The record of the lecture published in the Journal of the Royal Society 
of Arts, July, 1954, also contains a report of the discussion which followed the lecture. 

t European Technical Representative, Radio Corporation of America. 
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Bands IV and V. A further total of 220 construction 
permits have been granted in both bands and 250 applica- 
tions for new stations are pending. Most of the stations 
can be interconnected for network operation, and the 
majority of viewers have a choice of several programmes. 

The importance of radio spectrum conservation cannot 
be emphasized too strongly. Already there is severe con- 
gestion, and with the ever-increasing uses of radio services, 
each interested in establishing its right to an appropriate 
place in the available ether space, the prospects of relief 
are slight. The transmission characteristics of the ether 
differ considerably according to the frequency used, and 
we certainly cannot afford to add to the congestion by any 
wasteful occupancy of the radio spectrum. 
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As a result of these considerations the Federal Com- 
munications Commission took the view that it would not 
be feasible to provide any extra bandwidth for colour. 
So if we were to have colour television, a way had to be 
found of compressing the greater amount of information 
required into the same channel space provided for black- 
and-white television. 

It will be convenient to examine the solution to the 
problem in two parts. First, the characteristics of sight 
in relation to colour will be briefly reviewed; and second, 
the electrial techniques which make it possible to add the 
extra information needed to give satisfactory and pleasing 
television pictures in colour. 

Colour printing, painting and colour photography 
depend on the basic principle that by mixing three suit- 
able colours (usually green, red and blue) almost any 
desired colour sensation can be produced. These familiar 
arts use pigments or dyes, whereas in colour television 
coloured light is mixed. This has to be converted by 4 
television camera into electrical signals for radio trans- 
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s 
mission and reconverted to light by a picture reproducing 
tube, or kinescope as it is called, in the receiver, in order 
to be made visible to the eye. Since the eye is most 
sensitive to green, less sensitive to red, and least to blue, 
correct brightness is obtained by mixing the colour signals 
together in carefully specified proportions. 


Colour Vision 

Human vision is a complex process involving the eyes 
and the brain in ways which are far from being fully 
understood. We experience the sensation of colour in 
terms of its three major attributes, brightness, hue and 
saturation. Brightness is a measure of light intensity or 
“luminance”, and is the only attribute common to both 
coloured and non-coloured objects. Hue is characterized 
by the dominant wavelength of a colour, which determines 
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Fig. 2. The C.I.E. colour triangle and the colour matching of small pieces 
The numbers are the approximate wavelengths in Angstrom units. 


whether it is red or green or blue, etc. Saturation describes 
the vividness of colours of the same hue, and may be 
thought of as related to “purity”, or freedom from 
dilution with white. 

The science of colorimetry has been built up around 
the principles of colour mixing, and by international 
agreement the “chromaticity diagram” of Fig. 2 has been 
adopted, which enables colours to be specified as points 
on such a diagram in terms of mixtures of standardized 
primaries’. The location of a point completely determines 
hue and saturation, but indicates nothing about brightness. 
The visible spectrum is displayed as a closed horseshoe- 
shaped curve, all realizable colours being shown on the 
periphery at full saturation, ie., in going round the 
periphery hue varies, but saturation stays constant. If we 
follow a quasi-radial line from a colour at the periphery 
into white, hue is maintained constant while saturation 
diminishes. 

By suitable choice of primaries, three-colour presenta- 
tion may be regarded as entirely satisfactory for our 
purpose. However, it is found that while three-colour 
mixing is necessary for large areas, when the area under 
examination is sufficiently small, adequate reproduction 
may be obtained with mixtures of only two colours. This 
fact emerges as a result of a great deal of new data on 
Vision accumulated in recent years, and perhaps not yet 
widely appreciated. 
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In 1945, Willmer and Wright? reported finding that any 
colour in a small enough patch can be matched by mixing 
only two, and not three, primary coloured lights. Two 
Canadian scientists, Middleton and Holmes’, performed 
the following experiment. They cut small pieces from 
colour sheets and then asked observers to match the pieces 
to various large sheets. It was found that the best match 
was with sheets of different colour from those from which 
the pieces were originally cut. Their results are shown 
in Fig. 2, where the circles represent the chromaticities 
of the original sheets, and the dots the chromaticities of 
the sheets which gave the best colour match. It should 
be noticed that for the small pieces the chromaticity 
diagram tends to become a single line; also that the two 
primaries needed for this line are an orange-red and a 
greenish-blue (called cyan). Another English worker, Dr. 
Hartridge*, has also made a wide variety of investigations 
on colour acuity in small detail, which corroborate these 
findings. Further confirmation is to be found in studies 
of two-colour photography. Clyne notes that although 
other pairs of primaries are capable of giving black and 
grey, only the orange-cyan combination can represent 
adequately the hues of sky, flesh and foliage which are 
so familiar in nature. Add to this data the observations 
of sharpness of vision of colour and of brightness con- 
trast edges made in the RCA Laboratories, and one finds 
all the experimental evidence in full agreement that for 
fine detail areas in a picture, two-colour presentation is 
entirely adequate. Moreover, the evidence indicates that 
the eye seems to have greatest acuity for colour differences 
when they lie along the orange-cyan axis. In passing, it 
is interesting to note from this that people with normal 
vision see small coloured objects in about the same way 
as people who suffer from green-purple colour blindness 
see all objects. 

Now what happens when the detail becomes very fine ? 
A. V. Bedford carried out tests several years ago on visual 
acuity to colour which established that the eye does not 
see colour at all in the very fine detail of a picture; only 
the perception of brightness remains®. Actually, the acuity 
of the eye for red is slightly less than for green, and for 
blue less than either. The eye is also more sensitive to 
changes in brightness than it is to changes in hue and 
saturation. It will be appreciated that as picture detail 
becomes finer the orange-cyan axis collapses to a point 
which represents white on the chromaticity diagram. It 
is also necessary to remember that information theory 
tells us that the transmission of fine detail requires more 
bandwidth than is needed to transmit coarse (or large 
area) detail. In general a transmitting channel can forget 
what it was doing last in one-half cycle of the highest 
frequency passed. Thus a 4Mc/s channel has the capacity 
of transmitting a maximum of 8 million fully independent 
amplitude values per second, although in practice the 
rate at which information can be passed over a given 
channel is determined by the prevailing signal-to-noise 
ratio. 

At one time it was thought that the transmission of 
a picture in three colours would involve transmitting 
three times the amount of information required for a 
monochrome picture, and would therefore necessitate a 
frequency band three times as wide, but it has been 
realized for some time that this is entirely unnecessary. 
In fact, it has been determined experimentally that the 
bandwidth for colour information alone can be limited 
to approximately 14Mc/s without the eye realizing any 
loss of colour in the transmitted picture. 

It is known from experience with black-and-white 
television that the resolution of the eye for fine bright- 
ness detail at normal viewing distance is well satisfied 
with pictures produced with the normal 525-line scanning 
process. This involves a video bandwidth of about 4Mc/s, 
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which can therefore be regarded as adequate to handle 
the luminance information required for all conditions of 
picture detail. 

Summarizing the position by combining these charac- 
teristics of vision with a knowledge of electrical trans- 
mission, the signal requirements for telecasting in colour 
may be stated briefly as follows: 


For relatively large picture areas—three-colour 
(green, red and blue) information, requiring a narrow 
band of frequencies (about. 4Mc/s). 


For relatively small picture areas—two-colour 
(orange and cyan) information, requiring a moderately 
broad frequency band (about 14Mc/s). 


Luminance (brightness) information for all con- 
ditions of detail, requiring the same bandwidth as for 
black-and-white pictures (about 4Mc/s). 


It should be noted also that since nothing is gained 
by transmitting picture information which the eye does 
not appreciate, any system which attempts to provide full 
details of all objects, regardless of their size and chroma- 
ticity, should be deprecated as wasteful of spectrum space. 


Electrical Techniques °:’ 


This brings one to a consideration of the electrical 
techniques needed to transmit and receive three separate 
signals to satisfy these requirements within the framework 
of compatibility and the prescribed spectrum space. 

The sending of two or more independent messages 
together over one transmission system, yet keeping the 
messages separable at will, is an old problem in com- 
munications. The technique is known as multiplexing, 
and it is widely used. There are several methods, all 
requiring greater channel bandwidth than is needed’ for 
a single message. The method favoured for multiplexing 
the two chrominance components is by time division, 
which involves sharing a channel on a time basis by 
providing synchronous switching arrangements at the 
transmitting and receiving ends of the circuit. 

In applying this method to colour television, an 
advantageous switching arrangement is to produce two 
carriers of the same frequency displaced in phase by 90 
degrees, each of which can be independently amplitude 
modulated simultaneously to produce a single resultant 
carrier of the same frequency. The in-phase or /-signal 
is made to carry colour saturation information, and the 
quadrature or Q-signal carries information as to hue. The 
particular method of modulation used results in double- 
sideband transmission and suppression of the carrier. 
This becomes the chrominance subcarrier which is con- 
veniently added directly to the main picture carrier. 
Since the subcarrier is suppressed at the transmitter in 
the interests of reducing crosstalk, it has to be re-inserted 
at the receiver in order to be able to recover the J and 
Q-signals by synchronous detection. This requires the 
provision of a local subcarrier oscillator in the receiver 
which is kept at the same frequency and in phase with 
the corresponding subcarrier oscillator in the transmitter. 
It is achieved by transmitting a sample of about 9 cycles 
of the transmitter subcarrier, which then serves as a 
reference signal in the receiver to lock the subcarriers 
together. Interference with other parts of the television 
signals is avoided by adding the sample or “colour burst” 
in the line retrace blanking period which follows the 
regular horizontal synchronizing pulse. 

It is necessary now to combine the chrominance and 
luminance signals to produce the complete colour signal. 
The combining of these signals by ordinary side-by-side 
methods would require a minimum bandwidth of about 
6Mc/s, which is still in excess of the video bandwidth 
available. One has therefore to resort to multiplexing 
again to compress the information into 4Mc/s, but in 
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doing so one is faced with additional problems of inter- 
ference, or crosstalk, between the signals, which makes 
it more difficult to separate them cleanly. 


This crosstalk has been one of the major transmission 
problems in the evolution of compatible colour television 
systems. It can give rise to annoying defects which take 
the form mainly of crawling patterns in the received 
picture. Recent developments incorporated in the RCA 
system have, however, succeeded in eliminating most of 
this trouble. 

Many years ago Metz and Grey studied the problem 
of transmitting two television pictures within a given 
channel. They discovered that the distribution of energy 
of signal components due to the process of television 
scanning, results (for most subjects) in almost all of the 
energy being bunched around frequencies that are whole 
multiples of the line scanning frequency, as shown in 
Fig. 3. However, at frequencies half-way between, cor- 
responding to odd multiples of half the line frequency, 
the spectrum is substantially unoccupied. An additional 
carrier, carrying independent picture information, can fill 
these frequency spaces, provided that the added carrier 
is offset from the main picture carrier by this odd 
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multiple of half the line frequency. The process is 
commonly referred to as “frequency interlacing” and 
results in the carrier and its sidebands being interlaced 
with the harmonics of the line and frame frequencies. 
In practice an additional transmitter may be avoided by 
using a subcarrier modulated with the extra information 
to be transmitted. 

A useful analogy to illustrate the way the gaps in the 
spectrum are filled is to regard the video channel as a 
comb, with teeth representing the luminance signal. The 
chrominance signal can then be considered as the teeth 
of a shorter similar comb which is placed in such a 
way that the two combs interlace; the accurate positioning 
of the second comb being determined by proper choice of 
the subcarrier frequency. 

Another way to look at this matter is to consider it 
from the point of view of horizontal interlaced scanning. 
This is known as an important band saving technique 
involving the interlacing of two sets of picture elements 
along each scanning line. If only alternate elements (or 
dots) of alternate lines are transmitted, in a single field 
scan, four such fields are required to build up a complete 
picture frame. Dot-interlacing reduces picture element 
size and also reduces visibility of flicker. The sequence 
of interlacing can be so arranged that successive scans are 
additive, or a cancelling type of interlace can be adopted. 
Basically cancellation occurs when. provision is made for 
reversing polarity of the signal between successive scans 
of each area of the picture. Interference patterns corres- 
ponding to crosstalk between the luminance and 
chrominance signals then tends to cancel out through the 
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effects of persistence of vision. Dot-interlacing is arrangea 
by ensuring that the picture element signal occurs at a 
frequency that is an odd multiple of half the line frequency, 
which happens when the subcarrier goes through a whole 
number of cycles plus a half-cycle for each frame period. 
These are exactly the conditions for “frequency inter- 
lacing,” thus it is apparent that frequency-interlace always 
gives rise to dot-interlace and vice-versa, so that in effect 
both concepts produce the same result. ‘ 

Some of the main considerations of the system have 
now been broadly covered and, while there are still a 
great many details untouched, enough has been said to 
enable us to specify the general form of transmission 
signal that will provide a compatible colour television ser- 
vice with optimum spectrum utilization within a 6Mc/s 
channel bandwidth. 


(1) Full 4Mc/s video bandwidth signal, representing 
luminance variations of the subject, transmitted as 
amplitude modulation of the picture carrier. 


(2) Addition of a suppressed subcarrier located within 
the video band at a frequency determined by 
“frequency interlace”. 


(3) Simultaneous modulation of this subcarrier by two 
chrominance components: 
(a) I-signal (requiring about 14Mc/s_ bandwidth) 
representing saturation, which varies the 
amplitude of the subcarrier. 


(b) Q-signal (limited to about }4Mc/s bandwidth) 
representing hue, which varies the phase of the 
subcarrier. 


(4) Addition of a phase reference signal consisting of 
a sample burst of the subcarrier frequency trans- 
mitted as part of the conventional synchronizing 
signal. 


(5) F.M. sound channel as transmitted for black-and-white 
television. 


Many important details have to be considered before a 
specification can be written, but there is space to deal with 
only a few. 

The choice of frequency for the subcarrier is a com- 
promise of several factors. It is desirable to make the 
frequency as high as possible, so that dot-pattern will be 
fine and its spurious effects due to imperfect cancellation 
kept to a minimum. On the other hand a relatively lower 
frequency increases the bandwidth available for trans- 
mitting the chrominance signal. It has been found that 
for this purpose it is sufficient to provide a band extending 


in frequency to about 4Mc/s above the subcarrier. 


frequency. Thus with the available 4Mc/s video band- 
width, a frequency around 34Mc/s is indicated for the sub- 
carrier. The actual frequency is determined by the 
“frequency interleaving” principle, and by consideration 
of possible interference with the sound carrier in a receiver. 


Experiments have shown that any beat signal between 
the sound carrier and the chrominance subcarrier (due to 
insufficient attenuation of the sound carrier in ‘some 
existing black-and-white receivers) is much less objection- 
able in the picture if the beat signal frequency is an odd 
multiple of half the line frequency. This can be arranged 
by separating the sound and vision carriers by an amount 
corresponding to a multiple of the line frequency, i.e., an 
even multiple of half the line frequency. It is not prac- 
ticable to alter the present sound carrier because of the 
large number of existing receivers, and therefore to achieve 
the desired offset operation the line frequency and field 
fates have been shifted very slightly, actually about 0-1 
per cent, which is within the tolerances of the existing 
black-and-white standard. Non-synchronous operation of 
the transmitter with the power supply is therefore now 
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essential, but this had already been found necessary for 
black-and-white television because of network and 
remote operation. In order to satisfy these conditions 
the frequency for the chrominance subcarrier works out to 
be 3:579545Mc/s (with a line scanning frequency of 
15 734:264c/s and field rate of 59-94c/s). The spectrum 
of the transmitted colour signals is shown in Fig 4. 

This choice of frequency for the subcarrier results in 
unequal sidebands, since it allows only }Mc/s for the upper 
while the lower sideband can extend to about 14Mc/s below 
the subcarrier frequency. As mentioned earlier, in the 
process of interlacing crosstalk can be made self-cancelling, 
but such unbalance in the sidebands gives rise to additional 
crosstalk, and means have had to be devised to eliminate 
this. The bandwidth required for large detail areas is 
less than 1Mc/s and therefore involves no crosstalk 
problem. However, as picture detail becomes finer, un- 
balance occurs in the sidebands, and crosstalk would 
develop between the components of the chrominance signal. 
This is prevented by limiting the Q bandwidth to $Mc/s 
so that in picture detail areas where there would be cross- 
talk if two signals were present, the J-signal only is trans- 
mitted and is then of course, free of crosstalk. 

It.-has been emphasized that it would be wasteful use of 
the spectrum to transmit more information than the eye 
can see, and it is equally obvious that the same piece of 
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Fig. 4. Spectrum of transmitted colour signal 


information should not be transmitted more than once. 
This would happen if each of the chrominance components 
of a scene to be transmitted contained information relating 
to brightness as well as to colour. It will be remembered 
that to satisfy the requirement for compatibility, brightness 
of the scene is transmitted as amplitude modulation of the 
carrier in the conventional way. Thus to avoid redundancy, 
the brightness signal needs to be subtracted from each of 
the green, red and blue colour signals. But to transmit 
four pieces of information when only three are required 
would again result in transmission of redundant inform- 
ation. The signal representing green minus brightness can 
be obtained at the receiver by subtracting the sum of the 
red and blue signals from the brightness signal. It is 
therefore arranged to transmit only signals representing 
red minus brightness and blue minus brightness along with 
the brightness signal. As a matter of interest there is no 
physical equivalent to the term colour minus brightness 
since the eye responds only to colour accompanied by 
brightness. In practice the colour-minus brightness signal 
is derived by subtracting the electrical value of the 
brightness signal from the electrical value of the 
colour signals, using a linear matrix computor. The 
brightness information is restored at the colour receiver, 
and the green, red and blue signals required to activate 
the tri-colour kinescope or cathode ray-tube are obtained. 

In using these two colour-difference signals to modulate 
the subcarrier, a refinement is to mix each with the other so 
that the blue minus brightness contains some red, and the 
red minus brightness contains some blue. This does not 
affect the large detail areas of the picture, but for inter- 
mediate picture detail a contaminated or blended colour 
varying from orange to cyan is produced, which results in 
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less noticeable distortion than when a single pure colour 
is transmitted. The reduction in edge distortion so obtained 
is due to the fact that the eye is less sensitive to colour in 
these edges when sharp contrast with the adjoining areas 
is avoided. 

Having said all this about television, it is interesting 
to draw a parallel with the art of painting. One finds that 
the practice in classical art is first to create form and second 
to add colour. After laying the base colour, the artist 
usually paints in the form in monochrome, generally in 
black or brown and white, paying special attention to the 
sharp boundaries of the composition, and afterwards adds 
the touches of colour. This can be observed in paintings 
from about the 16 century onwards and may be com- 
pared with the work of some of our modern Impressionist 
artists who prefer to let form look after itself, and paint 
in colour direct from the start. In the system of colour 
television described the monochrome signal provides the 
detail or form, and the colouring is added separately, in 
what might be regarded as the technique of classical art. 


Compatibility 

Two conditions have to be considered; first, reception 
of colour transmissions on a conventional black-and-white 
receiver. It is easv to see that when there is no colour in 
the transmission the receiver responds fully to the 
luminance signal and displays it as usual, with a quality 
equal (or superior) to that provided by present black-and- 
white transmission standards. When there is colour in 
the original scene the chrominance information is trans- 
mitted, but self-cancellation occurs because of subtractive 
interlace in the colour system, and except for a residual 
spurious pattern due to non-linear effects in the kinescope, 
the receiver is not affected by the colour signal. The choice 
of subcarrier frequency results in the pattern being of such 
fine texture that at normal viewing distance where the usual 
scanning line structure disappears, the spurious crosstalk 
also disappears. The viewer seeing the picture is therefore 
normally unable to notice any difference from the reception 
of pictures from a regular black-and-white transmitter. 

The second condition is reception of black-and-white 
transmissions on a colour receiver. This presents no 
problem since only the luminance signal is present. It is 
essential, however, that the tri-colour kinescope is care- 
fully manufactured and capable of being adjusted to give 
a white field free from colour contamination due to mis- 
registration or improper convergence of the electron beams. 
When properly used such a tube gives black-and-white 
pictures equivalent in quality to those received on con- 
ventional black-and-white receivers. 


Complete Signal Specification 


The complete signal specification for colour television 
broadcasting was recommended to the Federal Communi- 
cations Commission by petitions submitted by RCA in 
June 1953, and shortly afterwards by the Nation Televis'on 
System Committee, representing the radio industry. The 
practicability of the proposed specification had been 
checked by extensive field testing, and altogether the colour 
effort involved the co-ordinated teamwork of the most 
highly skilled electronic engineers and scientists in the 
United States*. The work represented many thousands of 
engineering man-hours, and the expenditure in pioneering 
research and development by RCA alone amounted to more 
than £10 million. 

After witnessing demonstrations, and with due consider- 
ation of all the factors involved, the Federal Communications 
Commission decided to adopt the industry recommendations 
and in December 1953 established the technical standards 
for compatible colour television which are now in force. 

No system is perfect at the beginning. We know that 
the initial cost of receivers is high, and that there are 
certain inadequacies, none however sufficient to spoil the 
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enjoyment of seeing pictures in colour. Any limitations 
may be regarded as due to apparatus and not as inherent 
in the signal specifications. This was recognized in the 
following remarks which appear in the FCC final colour 
television decision : — 


“The proposed colour television signal specifications 
produce a reasonably satisfactory picture with a good 
overall picture quality. The quality of the picture is 
not appreciably marred by such defects as mis- 
registration, line crawl, jitter or unduly prominent 
dot structure. The picture is sufficiently bright to 
permit a satisfactory contrast range under favourable 
ambient light conditions and is capable of being viewed 
in the home without objectionable flicker. Colour 
pictures can be transmitted satisfactorily over existing 
inter-city relay facilities and improvements in inter- 
city facilities may be reasonably anticipated. 


“The success of colour hinges on mass receiver 
circulation, and every effort must be made to bring 
the price down to the level of the mass purchaser, 
Every effort must also be made to design equipment 
to minimize the additional interference susceptibility 
of operations under the proposed specifications. 


“ History has demonstrated that American industry 
is capable of devising practical and economical equip- 
ment on a mass production basis. We have the 
assurance of the industry that the enormous engineer- 
ing and production ingenuity at their command will 
be focused on these remaining problems.” 


Terminal Devices 


The FCC standard for colour television is the result of 
an evolutionary process going on over many years of systems 
and equipment development. The devices used at the 
terminal ends of the system, namely the arrangement for 
colour pick-up in the camera and the tri-colour kinescope 
in the receiver, can only be described very briefly here. 

The straightforward type of camera uses three light- 
sensitive pick-up tubes of a type known as the image 
orthicon. This tube is in regular operation for black-and- 
white television broadcasting, and possesses the high 
sensitivity required for colour. The optical arrangement 
used is shown in Fig. 5. It will be seen that an image- 
dividing system splits the real image formed by the objec- 
tive lens into the three colour components by means of 
dichroic mirrors. These are specially prepared glass plates 
which are colour selective and can be made to transmit 
one colour while reflecting another. Precision controls 
are provided to ensure identical scanning patterns in the 
three pick-up tubes, so that electronic registration of the 
images can match the registration of the optical system. 
Extensive field experience with this type of camera has 
proved it to be a reliable means for the transmission of 
high fidelity colour television pictures. Thus each pick- 
up tube in a camera sees its appropriate colour image and 
produces corresponding electrical signals. These are 
transformed by suitable studio equipment into the 
luminance signal, which modulates the transmitter in the 
usual way, and into the colour signal which modulates the 
chrominance subcarrier. Of course it would greatly 
simplify the camera to have only a single tube. Methods 
of doing this have been under investigation for some time, 
and recent experiments with a tri-colour pick-up tube 
developed in the RCA Laboratories have proved very 
promising. Although much work remains to be done the 
basic principles have been established, as well as the 
feasibility of manufacture, so that we can expect to have 
a compact tri-colour tube camera capable of replacing the 
present day three-tube camera. 

Early receivers used three kinescopes with optical filters 
and mirrors for superimposing the images. Such an 
arrangement was far from ideal and special efforts were 
made to develop a single tube capable of giving natural 
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colour reproduction. As a result several different types 
were evolved out of which the 3 beam tri-colour shadow 
mask tube was chosen for initial product development and 
manufacture. 

In this type of kinescope the phosphor viewing screen 
is composed of an orderly array of small closely spaced 
phosphor dots arranged in triangular groups of three 
deposited accurately on a glass plate as illustrated in Fig. 
6. Each dot of the trio is a phosphor which emits either 
green, red or blue light according to its characteristics 
when excited by an electron beam. Three separate elec- 
tron guns provide the beams which activate the phosphor 
dots and determine their brightness. A metal shadow 
mask containing round holes equal in number to the dot 
trios is interposed between the electron gun structure and 
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Fig. 5. Arrangement of RCA three-tube television camera 


F—Green trimming filter 
G—Red trimming filter 
H—Blue trimming filter 
J—Front surface mirrors 
K—Neutral-density filters 


A—Hor. Astigmatism corrector 
B—Relay lenses both 9:Sin f/4 
C—Remotely-controlled iris 
D—Red reflecting dichroic 
E—Blue reflecting dichroic 
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Fig. 6. Arrangement of RCA tri-colour kinescope 


the phosphor dot plate. The geometry of the parts is 
arranged so that electrons from the red gun reach only the 
red emitting phosphor dots, and similarly the electron 
beams from the green and blue guns strike only the dots 
corresponding to those colours. Thus the colour signals 
controlling the electron beams produce independent 
pictures in the primary colours. Because of the small size 
and close spacing of the dot pattern, each trio blends into 
a single picture element with the result that the eye sees 
a full colour picture; a 15in tube of this type has nearly 
600,000 dots, each approximately 0-014in in diameter, and 
gives a 12in wide picture. The dot structure, at normal 
viewing distance, is less visible than the usual scanning line 
structure, and the tube adequately meets the requirements 
for black-and-white standards. 
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There has been steady improvement in colour kinescope 
performance, evidencéd by increased light output, better 
colour rendering, registration, etc., and also in methods 
of manufacture, so that the tube now in production gives 
excellent results. There is no doubt however that because 
of the prevalence in America of receivers with larger 
black-and-white kinescopes, it is necessary to produce 
larger colour tubes. Preparations are therefore in hand 
for production of a similar 19in tube which will incor- 
porate still further improvements to simplify manufacture 
and increase efficiency. The 19in tube gives a picture 
about 154in wide and has over a million dots. This is 
expected to be followed next year by the demonstration of 
a 2lin tube of rectangular form, using a different principle 
of operation giving still brighter pictures. 

The colour tube is really the heart of the system because 
its cost mainly determines the cost of the receiver, and 
therefore the price which the public has to pay to see 
pictures in colour. Everything else may be regarded as 
of secondary importance. Active development is there- 
fore going forward in many places to bring down the cost 
of the colour kinescope, and the success of this effort will 
largely determine the rate of development of broadcast 
colour television. 


Conclusion 


In conclusion, a brief account of the present status of 
colour television in America is given. Colour pro- 
grammes are being radiated by the NBC station in New 
York several times a week, and the programme time will 
be gradually increased. These programmes are available 
for network operation. Colour equipment is in production, 
and stations and studios in many parts of America are 
being equipped to broadcast in colour. RCA has offered to 
modify existing RCA transmitters free of charge, and its 
broadcasting subsidiary, NBC, is making available 
colour programme time without extra charge, so that 
sponsors can gain experience in the use of this new medium. 

Colour receivers and tri-colour kinescopes are in pro- 
duction at a rate of several thousands per month, and 
receivers are now on sale to the public at prices around 
$1000 (about £350). It is estimated that demand for sets 
will exceed supply this year and next year, and that by 
1957 the industry will be selling about three million colour 
sets annually, rising to five million annually in 1958. To 
install and maintain these colour receivers, which have 
more than twice the complexity of a black-and-white 
receiver, servicé engineers are being trained in large num- 
bers. Already over 30000 have attended special “ colour 
clinic ” courses conducted in 65 major cities. 


Coast-to-coast radio relay circuits have been equalized 
for colour and are in regular use. Many more such trans- 
mission circuits will be available shortly so that by the 
end of 1954 over 100 stations across the country will be 
interconnected for network operations in colour, and 
colour signals will be within the range of 75 per cent of 
the nation’s homes. 
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The Selenium Rectifier 
in Digital Computor Circuits 


By A. D. Booth*, B.Sc., Ph.D., and A. D. Holtt, M.Sc. 


A brief discussion of the types of element required in a modern computing machine is followed 


by an examination of possible physical embodiments. 


The selenium disk rectifier is shown, as 


a result of physical measurements, to be reliable and economical and to have a wide application 
to computors where the frequency of operation does not exceed 30kc/s. 


many fields of electronic application, the presence of 
an intermittent source of error will not be accompanied by 
any: serious consequences. This is usually due, either to 
the presence of gross redundancy in the information which 
is being processed, or, alternatively, to certain “reasoning” 
facilities inherent in the receptor. 
As an example, the transmission of the message 
‘““He walked down the street” 


might, in the presence of fault or noise, be received via 
radio telegraph as: 


“ He wilked den tee street” 


but the message would still be comprehensible to a human 
recipient. 

On the other hand, the information which is used in a 
digital computor is not normally redundant so that the 
presence of a single error at any stage will invalidate the 
whole operation of the machine from the point of disturb- 
ance onward. 

It is, of course, possible to design an electronic comput- 
ing machine in such a way that it can recognize errors 
in the numbers with which it is operating. Possibly the 
simplest scheme of this type, for use in a binary based 
machine, is to insert at the end of each word a check digit 
which is such that the sum of all digits (including the 
check) is an odd number. As an example: 


Word Check 
11011 1 
00100 0 
11100 0 


This method of error detection is limited in scope to the 
certain detecting of a single digit error. It will not indicate 
the particular digit which is at fault and gives no indica- 
tion of the correct version of the number to which it is 
applied. 

Mcre complex codes exist’ which can not only detect 
errors, but also correct them in certain circumstances’. 
Generally a high degree of redundancy is necessary and 
often the coded representation of a given number is not in 
a satisfactory form for the performance of arithmetic 
operations. 

It has long been the opinion in this laboratory that in 
order to obtain accurate and fault-free operation of an 
electronic digital computing machine it is necessary to 
minimize the number of thermionic valves. The justifica- 
tion of this approach is found in the performance of 
A.P.E.(X).C.”"*"*, where the “mean free path” between 
errors is between one and two weeks. 

Quite apart from the question of reliability, it is highly 
desirable to reduce, as far as possible, the power consump- 
tion of the computing machine. Even on A.P.E.(X).C., 
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with less than 500 valves, nearly 2kW of power is needed 
and the 175 amperes of heater current at 6:3 volts is a 
considerable embarrassment. 

With the object of eliminating as many valves as pos- 
sible a survey has been made of the various possible re- 
placements having computor applications. Two chief lines 
of development have emerged, semi-conductor elements 
and rectangular loop magnetic cores. It is the purpose of 
the present article to describe some of the work carried 
out on the former class of material. 


Some Computor Elements 


Chief among the basic units 
A.P.E.(X).C. are: 


(1) The single digit store, 
(2) The invertor-amplifier, 
(3) The shift diode, 
(4) The diode buffer, 
(5) The 2, gate, 
(6) The coincidence sensing unit, 
(7) The matrix function table. 
Of these (1), (2), and (5) are not directly amenable to 


required in_ the 
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Fig. 1. Circuit for positive input Fig. 2. Circuit for negative input 


and negative output 


substitution by semi-conductor diode elements; although, 
in the case of (5), an immediate application exists when 
the frequency and impedance levels of associated circuits 
are suitable, and some indication will be given of these 
possibilities. The function of shift diodes is considered 
in an éarlier article published in this journal’ and it is pro- 
posed to hold over the discussion of the element until later 
in this article. 

Buffer isolators are used when it is necessary to trigger 
a unit from one or more independent sources, they may 
be required to receive, or emit, either positive or negative 
pulses. A typical circuit, for positive input, negative out- 
put, is shown in Fig. 1. Here, both triodes are normally 
cut off, and a positive pulse, of sufficient magnitude, applied 
to the grid of either (or both) valves will lead to conduc- 
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tion. Thus a negative pulse is produced at the common 
anode output, and no interaction will occur between the 
pulse sources themselves or between either source and the 
receptor. It is evident that the circuit can be extended to 
any number of inputs. 

For negative pulse input the circuit of Fig. 2 can be 
used. The valve used is a tetrode, the anode of which is 
at a low potential since the two control grids are held at 
zero voltage and the valve is fully conducting. If negative 
pulses, of sufficient amplitude, are applied to either or 
both grids the valve will be cut off and its anode poten- 
tial will rise. This new anode potential will be maintained 
until both grids are returned to their normal potential. An 
undesirable feature of this circuit lies in the fact that the 
rise time of the output pulse is determined by the value 
of the anode load resistor and the capacitance of the 
driven circuit. The former cannot be reduced too far 
without overloading the valve. 

A typical diode buffer isolator circuit, for negative 
pulses, is shown in Fig. 3. If the p.c. levels of the input 
and output lines are suitably matched the capacitor C and 
the resistor R can be omitted; should these components be 
necessary, however, values must be chosen so that the time- 


eV 
c i rage 
Input vi V 
si Ea ares aR 
Ir n2 
Ae 1 se = 
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constant, RC, is suitable for the pulse repetition rate in 
the circuit for which the element is designed. 

_When more than one negative input is required, the 
circuit shown in Fig. 4 can be used. The diodes are 
normally non-conducting since their cathodes are at 
higher potential than their anodes. A negative pulse, of 
sufficient amplitude to cause the cathode potential to fall 
below that of the anode, and applied to one or more 
cathodes, will cause conduction. Thus a negative pulse of 
the same duration as the envelope of the applied pulses 
will be produced at the output point. 

_ For positive input pulses the analogous circuit is shown 
in Fig. 5, the operation is identical with that just described 
except that both diode and pulse sense is reversed. 

_With only a very small modification, the diode buffer 
circuits just described can be made to serve as 2 gate 
elements. Consider the situation shown in Fig. 6 and 
assume that R, > Rx and that the internal resistance of 
the diodes is less than that of Rx. Under these circum- 
stances the application of a positive pulse to either J, or 
I, separately leads to a voltage of Rx/(Rx+Ra).V at a 
compared with Rx/(Rx+2Ra).V_ normally obtaining, that 
is, to a step of approximately Rx/(2R.).V volts. When 
both J, and J, receive simultaneous positive inputs, how- 








ever, the voltage at a rises to V (or to the positive pulse 
input height if this is less than V. For reasonable com- 
ponent values this type of gate can be seen to offer signal 
to breakthrough ratios of better than 10 to 1 over a 
reasonable frequency range. 

In the past 15 years many improvements have been 
made in the properties of diodes (or “ rectifiers”) made 
from semi-conducting materials and it is evident that, in 
the case of the circuits just described, there exists the 
possibility of using these as replacements for the thermionic 
elements. It is clear that to justify a change a number of 
requirements must be met, for example: 


(1) The ratio of forward to reverse resistance must be 
large. 


(2) The reverse resistance must be high compared with 
that of any resistance used in the circuit. 


(3) The forward resistance should be low compared with 
that of any circuit element used in series with the 
diode. 


(4) The capacitance, especially in the reverse direction, 
must be low. 


(5) The tolerance on any batch of the units must be 
within the normal 20 per cent limit. 


Types of Semi-Conductor Diodes 


The earliest semi-conductor rectifier to be developed was 
that employing copper oxide, and its discovery, in 1920, 
was the result of an investigation into possible replace- 
ments for the electromagnetic relay in railway signalling. 
The smallest copper oxide rectifier which appears to be 
available at present is a 1/16in diameter disk. This has 
a reverse resistance of the order of 1M and a forward 
resistance of a few thousand ohms, considerable variations 
occur between specimens, and there is a large variation 
with temperature. In view of the small area, the capacit- 
tance is low, but unfortunately the maximum continuous 
reverse voltage appears to be only 6 volts. 

Second in order of appearance as a commercial rectifier 
is that constructed from selenium. This has been in use in 
power applications for some years, it has recently become 
available in sizes suitable for computor work and will be 
discussed in greater detail later. 

Germanium has many advantages over copper oxide as 
a rectifier material since it is less susceptible to tempera- 
ture variations, has (in the point contact rectifier at least) 
an extremely low capacitance, and will withstand over 50 
volts in the reverse direction. The resistance in the forward 
direction is only a few hundred ohms and that in the 
reverse direction a few hundred thousand ohms. Out- 
weighing these advantages are considerations of size, cost 
and uniformity. The size of a germanium rectifier is 
roughly the same as that of a (British) half watt resistor. 
The cost does not differ appreciably from that of a 
thermionic diode, and in a test of 100 samples of the type 
IN38 carried out in this laboratory the back resistance, 
at 20 volts, was found to vary between 5kQ and 1M. 
Furthermore, although the back voltage rating was stated 
to be in excess of 50 volts, a number of the specimens 
would not stand more than 30 volts in this direction. Table 
1 gives an analysis of the batch characteristics. 











TABLE 1 
Analysis of a Batch of Type IN38 Germanium Rectifiers 

RESISTANCE RANGE NUMBER | BACK VOLTAGE RANGE | NUMBER 

§5kQ - 10kQ 9 30V - SOV 7 

10kQ - 100kQ 60 50V - 75V 80 

100kQ — 500kQ 22 75V — 100V 5 

$00kQ - 1MQ 9 100V -— 120V 8 

Total 100 100 
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It is perhaps only fair to state that these tests were con- 
ducted on specimens of American origin made in 1948 and 
that no systematic tests have been carried out on an 
adequate sample of recent British production. 

Recent reports’ suggest that the new type of diffused 
silicon rectifier may have characteristics which are superior 
even to those of the thermionic diode, at least as far as 
back resistance is concerned. Too little is known about 
these new developments, however, to justify speculation 
as to their possibilities in any currently envisaged com- 
putor. 

To return to the selenium rectifier, this is now commer- 
cially available in the form of small disks (4in diameter 
by 1/16in thick) at an extremely low cost (about 1d). As 
in the production of larger units, the selenium is sprayed 
on to an etched, or sandblasted, metal’ base and then 
heat treated. A paper mask having rows of holes, each 
equal in size to the required rectifier area, is then stuck 
on to the selenium layer. A metal mask having holes cor- 
responding to, but slightly larger than, those in the paper 
is now placed over the plate, and the whole is then sprayed 
with the selected counter electrode material. After spray- 
ing, the mask is removed and replaced by a flat metal 
plate which touches all of the circles of counter electrode 
material sprayed on to the selenium through the two 
masks. A pulsating unidirectional voltage is now applied 














Poper Mosk 
Selenium 
T 
Counter Electrode 
Bose 
T A 
tin dia. 
Fig. 7. Selenium disk rectifier Fig. 8. Static characteristic 


measurement 


between this plate and the base to “ form” the whole unit, 
finally the disks are so punched out of the plate that the 
outer part of each is a circular annulus, enclosing a circular 
area of counter-electrode beneath which is the selenium 
actually used for the rectification. The assembly is shown 
in Fig. 7. lt may be mentioned that the counter electrode 
has a low melting point, and any overloading of the recti- 
fier may cause it to melt and to flow over the edge of the 
paper disk and thus short-circuit the rectifier. 

A number of sources of variation are inherent in a 
manufacturing process of this type. The area of rectifica- 
tion is small (as determined by the hole in the paper 
disk), any flow of the adhesive holding the paper may 
reduce the effective rectifier area and thus cause large 
differences in resistance’ between members of the same 
production batch. Poor contact between counter electrodes 
and the plate used in the forming processes may lead to 
varying degrees of “ formation ”. 

While the forward resistance is relatively high (5kOQ 
to 10k) the capacitance is small and the back resistance, 
as will be shown later, is phenomenally high; finally, the 
units will withstand a continuous back voltage of S50V. 


Physical Characteristics of the Miniature Selenium 
Rectifier Disk 

It was the opinion of the authors that, of the available 
rectifier elements, the selenium type, despite its disadvan- 
tages, was the most suitable for A.P.E.(X).C. type 
machines. 

Unfortunately, very little published data was available 
regarding the characteristics of the }in diameter disk recti- 
fier (basis of the S.T.C. Type M.1.), and that which has 
appeared was not particularly usefui for assessing the 
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performance of the unit in pulse operated computor 
applications. It was thus decided to make some measure- 
ments under the conditions obtaining in our machine. 

In the usual methods of rectifier measurement a plot 
is made of the voltage-current characteristic. This can be 
determined by means of the basic circuit shown in Fig. 8, 
where it is assumed that the voltmeter has an impedance 
which is high compared with that of the rectifier. Since 
creep may occur with time, three current values are of 
interest : 


(1) Immediately after application of voltage. 
(2) The maximum current reached. 
(3) The steady current. 


Alternatively, a voltage-current curve can be obtained 
under dynamic conditions and presented upon the screen 
of a cathode-ray oscilloscope. This is most conveniently 
arranged by using a 50c/s supply of suitable voltage in the 
circuit of Fig. 9. An advantage of a presentation of this 








| R f C.R.0. 
° MAN | 
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Fig. 9. Dynamic measurement 











es - alias 
Input Output A\C=RC, Output A, C,>AR2C, Output A, C<A,C, 
(6) (c) (4) (e) 


Fig. 10. Pulse characteristic measurement 


type lies in the fact that it is dynamic and gives an indica- 
tion of the presence of hysteresis effects. 

Rectifier capacitance is normally measured by a bridge 
circuit using A.c. of a moderate frequency, this method has 
the advantage of giving resistance at the same time. 

For the present investigation it was decided to use the 
straightforward voltage-current method for measurement 
of resistance and to investigate the capacitance by means 
of a circuit which exposed the rectifiers to conditions 
similar to those under which they are used in a computing 
machine. 

The effective resistance of the rectifier can be readily 
determined under pulse conditions, by using the circuit 
shown in Fig. 8, the p.c. potential being applied and 
removed by means of the switch §. The reading of the 
current immediately after application of the voltage is 
required and the system has the disadvantage that the 
current meter has a relatively slow response. Any varia- 
tion would be caused by a change occuring in the barrier 
layer, however, and this would also affect the capacitance. 
Other experimenters® have shown that for short time 
intervals such changes are negligible and are independent 
of the pulse repetition rate, the simple method was there- 
fore considered suitable for this work. 

For the capacitance measurement the circuit of Fig. 
10(a) was used. It can easily be shown that if a rectangular 
pulse is applied across the points aB, then an output of the 
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same shape will be obtained if: 


R,C, = IC, 
this is shown in Figs. 10(b) and 10(c). On the other hand, 
if: 

R,C, #R.C, 


the outputs shown in Figs. 10(d) and 10(e) will result in 
the two possible cases. 

A similar output will be obtained when a rectifier, which 
has a resistance Res and a capacitance Cert in parallel, is 
substituted for the resistance and capacitance R, and C, 
so long as: 

RettCert = nC. 
Thus, if R, and C, are known and Retr is measured, the 
value of Cetr can be calculated. 

Prior to making these measurements the selenium recti- 
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Fig. 11. Forward resistance/applied voltage for M.1 disks 


fiers were subjected to 40V pulses, in the reverse direction, 
and applied at the 25kc/s repetition rate of A.P.E.(X.).C. 
This treatment was continued for 3 hours to allow for any 
changes which might take place through forming in the 
initial operating period of normal operation’. Changes 
taking place during this short period could not be attri- 
buted to ageing. An increase of approximately 15 per cent 
in the D.c. resistance was noted. 

The measurement of forward resistance was made with 
the circuit of Fig. 8, voltage being recorded on a valve 
voltmeter and current on a multi-range milliameter. Both 
instruments were calibrated against. substandards. 

In the forward direction only a few volts are normally 
applied across the rectifier; however, no damage was 
caused by the momentary application of up to 40V since 
all readings were repeatable, even at lower applied voltages 
where damage would be expected to alter the current read- 
~~ dae results of these measurements are given in 

ig. 11. 

Since the reverse resistance is very high difficulties arose 
when a similar method of measurement was attempted. 
As mentioned above, the reverse resistance increases by 
about 15 per cent during forming, this change was 
measured using a galvanometer having a sensitivity of 
lcm/nA, and to obtain a readable deflexion 5 rectifiers 
had to be connected in parallel. .The group resistances, on 
several such batches of 5, varied between 20 and 
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25MQ, which suggests an individual resistance of 100 to 
125MQ. The identity of component units was checked by 
removal and replacement of the units in each group. 

The apparatus used for capacitance measurement is 
shown in Fig. 12 (a), (b) and (c). A flip-flop, triggered 
from a free running multivibrator operating at 25kc/s 
generated the voltage pulses of Fig. 12(a). These were 
clipped by means of a biased diode and then fed to the 
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Fig. 12. Pulse t circuit: 


grid of a cathode-follower; from the tapped cathode 
resistor of the latter a variable output amplitude could 
be obtained (Fig. 12(b)). This output was then applied 
across points AB. of the circuit shown in Fig. 10(a), C, 
being a fixed capacitor and R, a variable resistor. A recti- 
fier having equivalent parameters Rett, Corr was substituted 
for R.,C, and the output was observed via a cathode- 
follower connected directly to the Y plates of a Cossor 
double beam oscilloscope (Fig. 12(c)). 

The apparatus was checked before use by connecting 
the output of the first cathode-follower to the grid of the 
second and observing both outputs on the oscilloscope. 
No measurable variation was noted and both waveforms 
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were rectangular at all signal amplitudes. Since the voltage 
applied to the rectifiers was also required the system was 
first calibrated by the application of a known D.c. poten- 
tial to the input and the oscilloscope deflexion/input 
voltage characteristic obtained. 

For the measurement of the forward capacitance, R, 
and C, (Fig. 10) were made equal to S5kQ and -001yuF 
respectively, the rectifier under test replacing R,C,. By 
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Fig. 13. Forward capacitance/applied voltage for M.1 disks 
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Fig. 14. Reverse capacitance/applied voltage for M.1 disks 


adjusting R, and observing the point of identical wave 
shape between input to the network and output across 
the rectifier, both being observed via cathode-followers, 
the capacitance of the rectifier was calculated for various 
values of the applied voltage pulse height. The results of 
these measurements are shown in Fig. 13. 

The same basic circuit was used to measure the reverse 
capacitance except that, since the reverse resistance of the 
rectifiers is very large, the latter was shunted with a 1MQ 
resistor. The effect of this is to make the resistance of the 
unit 1MQ within 1 per cent. In this case the resistor R, 
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was taken as 100kQ (variable) and the value 270pF adopted 
for C,. The results of the measurement of reverse capaci- 
tance are shown in Fig. 14. To check the accuracy of 
the method it was used to determine a standard capacitor, 
of about the same magnitude as that of the rectifiers, the 
experiments were also repeated on the rectifiers themselves, 
It was concluded that the limits of error, due to measure. 
ment, did not exceed: 2 per cent. 


To summarize the results: 


(1) The forward resistance is higher than that of hard 
valve, or of germanium diodes, but is adequately low com- 
pared with the back resistance. 

(2) The “time-constants” of the selenium rectifier are 
2usec in the forward direction, and 2 000usec in the reverse 
direction. 

(3) The tolerance between various rectifiers is approxi- 
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Fig. 16. Shifting register unit 
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Fig. 17. Detail of flip-flop 


mately +20 per cent. From this it can be concluded that 
the units will be useful, for full voltage swings, at 
frequencies of up to 25 to 30kc/s. The high reverse time- 
constant implies that a biasing network of the same type 
as that used on thermionic diodes is necessary and that 
the leak method which is available with germanium diodes 
cannot be used. This is shown in Fig. 15. 


Shifting Register Units 

Details of the shifting register unit used in this labora- 
tory have been given elsewhere*. The circuit is essen- 
tially that shown in Fig. 16, where the function desired is the 
setting of the flip-flop unit An,, to the state previously 
occupied by Ay. The flip-flop units are illustrated in Fig. 
17 and it is assumed that a series A,A, ... As of these 
are simultaneously to transfer their contents to the next 
neighbour. The suggested use for selenium rectifiers in 
this circuit is to replace the 6AL5 valve. It was found, 
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upon investigation, that the M.1 disks were effective when 
new, but rapidly became inoperative; this was traced to 
the forming which occurs under the static back voltage of 
40 volts which, in turn, causes a rise in the forward resist- 
ance. Reliable operation resulted from replacing the 
M.l’s by “Unistors”, type Q3/5. In effect this unit 
lowers the forward resistance by connecting 3 M.1 disks 
in parallel and at the same time, decreases the applied back 
voltage per disk, by connecting 5 in series. (It should be 
remarked that the Unistor is not actually constructed of 
15 M.1 disks, as would be suggested by this functional 
description.) 

This application of the selenium rectifier lends itself to 
a neat circuit layout for the register since the Unistor is 
roughly the same in size and appearance as an American 
2 watt carbon resistor. 
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Fig. 18. Multiple gate 

















a we 
™ si 
rl , mi 4 Output 
sri #1 
f IMQ 
1OOkQ 
{ kQ 
k [ove) 
(°) 





Fig. 19. Coincidence sensers a 


The Diode Buffer 


It is not necessary to detail the’ manner in which the 
selenium rectifier can replace ‘the thermionic valve in 
Figs. 3 and 4. At sufficiently low frequencies direct sub- 
stitution is possible, as a general rule it has been found 
that the upper limit is at repetition rates of about 30kc/s. 
On the other hand, a useful gate can be constructed, by 
using additional thermionic elements, which although set 
by the selenium diodes, will transmit sharp (1yusec) pulses 
derived from elsewhere. An example of this is given in 
the next section. 


The Gate 


_Several applications of the selenium rectifier to gate 
circuits have proved successful. The simplest is shown in 
Fig. 18; here the selenium rectifiers are used to set a poten- 
tial at the anode of the hard diode. Up to this point no 
conduction of the latter occurs, and the slow operating time 
of the circuit (20usec) does not matter. When the sharp 
test pulse, Jp, is applied, however, the 6AL5 conducts and 
passes the pulse to the external circuit. 

Other types of gate are equally possible, the principle 
being that the slow selenium elements must set a potential 
so that a fast pulse can then pass through a hard valve. 
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Coincidence Sensing Units 

In certain units of a computing machine it is necessary 
to detect coincidence (or anti-coincidence) between the 
states of two flip-flop units. 

A possible method is to use a pair of 2, gatés, the first 
to detect the states (0,0) and the second, (1,1). Electronic 
variants of this method have been described, in detail, 
elsewhere** and it is proposed to deal, here, only with the 
problem of coincidence detection between single valve 
pairs. With the notation given in Fig. 17 two selenium 
coincidence sensers which have proved satisfactory, are 
shown in Fig. 19(a)(b). In the first circuit (a) it will be seen 
that point a will be at low potential when the anode 
potentials are as shown, because the forward resistance of 
the selenium element 1 is small compared with 100k. 
Likewise the potential at B will also be low since the back 
resistance of selenium element 2 is high compared with 
100kQ. The output point will therefore remain at a low 
potential nearly equal to that at a and B. It is seen, from 
the symmetry of the circuit, that reversing the state of both 
F, and F, will not alter the output. On the other hand, 
suppose that F,, changes state. Point a will again be at low 
potential, but point B will be a high potential; rectifier 4 
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Fig. 20. .Unsymmetrical coincidence sensers 


therefore conducts and maintains the output point at high 
potential. Again the situation can be replaced by its 
symmetry twin in which F, has changed state and F, is as 
shown, the output still being at high potential. 

Thus the circuit gives a low potential output for coin- 
cidence between the states of F, and F, and a high poten- 
tial for anti-coincidence The circuit shown in Fig. 19(b) 
is the same as that just described, except for reversal of 
the connexions of all rectifiers and return of the output 
resistor to high potential. The analysis is as before and it 
will be seen that a high output potential is produced for 
coincidence and a low output potential for anti- 
coincidence. 

Unsymmetrical versions with the same functions are 
shown in Fig. 20(a)(b). By an analysis of the type given 
above it can be seen that in Fig. 20(a) a high output 
potential will be produced in coincidence between F, and 
F, and a low output potential otherwise, similarly the 
circuit of Fig. 20(b) reverses the situation. 

These circuits have proved extremely reliable over long 
periods; they have one disadvantage, however, in the 
fact that the rise (or fall) time of the output waveform 
varies with the particular elemcat (F, or F,) being 
switched. 


Matrix Decoding Circuits 


In an automatic computing machine instructions are 


represented, in coded form, by numbers’; it is necessary 
to transform the voltage settings of a number of flip-flops 


into unique outputs representing the individual orders. 


This is normally performed by means of a decoding matrix, 
or function table. 
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A simple example of this unit is shown in Fig. 21, in 
which the dots, at intersections, represent resistors or 
diodes. Suppose that the left-hand anodes of the flip-flop 
units are at a low voltage V; and the right-hand anodes at 
a high voltage Vu; assuming equal resistive connexions 
and no output loads the output voltages are: 

(i) Vi 

(2) 4(Vi + Va) 

(3) 4Vi + Vu) 

(4) Vu 
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Fig. 21. Simple matrix decoder 
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Fig. 22. Schmidt output circuit for matrix 
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Fig. 23. Three input adder matrix 


Thus only one output is at the lowest (or highest) poten- 
tial and it is easily seen that this varies with and is 
uniquely related to, the states of the flip-flops. 

The above circuit can be extended so that n double 
inputs control 2" outputs only one of which is at low 
(or high) potential for each input configuration. The dis- 
advantage of this resistance matrix is that high values of 
resistance must be used to avoid inter-action between the 
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sources; this leads to a slow rise time for the output wave. 
form. A second consequence of the resistance connexion 
is the fact that the discrimination between the lowest out- 
put and its nearest neighbours is V/n where V is the 
total voltage swing at the input. Thus with an anode swing 
on the input flip-flops, of 50V a 5 input resistance func. 
tion table will produce a discrimination, at the output, of 
only 10V. 


input | { 
input 2{ 
(0) 


Input 3 { 


Input a{ 





f 
Input | { 
Input 2 { 


Input 3 { 


(b) 





I Input 2 






(<) 


Input 3 Input 4 


Fig. 24. Possible 4-input, 16-output matrices 


By the use of diodes in the matrix both of the above 
disadvantages can be largely overcome, but the 5 x 32 
table mentioned above would require 160 diodes and the 
cost, if not prohibitive, is still an appreciable fraction of 
the total valve cost of any reasonably well-designed 
machine. 

Apart from its relatively high self capacitance the 
selenium rectifier offers an ideal solution to the problem 
of constructing function table matrices. To determine the 
performance of such a unit, an experimental section of a 
5 x 32 function table was constructed using the type M.1 
disks and the circuit parameters shown in Fig. 22. The 
inputs were fed, via cathode-followers, from the anodes 





AUGUST 1954 











of fi 
outpt 
show 
point 
gered 
for s 


A.P.] 
has 

asser 
A ne 
it wi 
flip-f 
any 

tion, 
coml 





Selen 
Disk 
Recti 





Thu 
via 

com 
con! 


tor 
in g 
of 1 
it w 
(a) 
and 
is e 








t Wave- 
Mexion 
St out- 
is the 
> swin 
- fear 
put, of 


2 


WEEE 


| | 


bove 


the 
n of 
zned 


the 
lem 


of a 
M.1 
The 
ydes 


954 





Coa 





of five flip-flops of the type shown in Fig. 17, and the 
output actuated a Schmidt trigger. circuit of the type 
shown. Rise and fall times were measured at the output 
point when one of the input flip-flops was cyclically trig- 
gered and it was found that the delay was about 3ysec 
for switching on and 10usec for switching off. 

Quite apart from the main function table of 
A.P.E.(X).C.*, where a 5 x 32 matrix of the above type 
has been in successful use for nearly a year, smaller 
assemblies of the same type are useful in binary addition. 
A network for three input addition is shown in Fig. 23, 
it will be seen that, if R represents the binary digit storage 
flip-flop, / the incident digit flip-flop and C the store for 
any carry which may have arisen from a previous addi- 
tion, the outputs 1 to 8, will be at low potential for the 
combinations shown in Table 2. 








































TABLE 2 
SUM CARRY 
R I C ° | ourput | piair DIGIT 
0 0 0 1 0 0 es 
0 0 1 5 1 0 
0 1 0 3 1 0 
0 1 1 7 0 1 
1 0 0 2 1 0 
1 0 1 6 0 1 
1 1 0 4 0 1 
1 1 1 8 1 1 
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Fig. 25. Aiken disk mounting 





Fig. 26. A complete unit 


Thus, if output lines 2, 3, 5 and 8 are connected together 
via buffer rectifiers they will produce the correct sum digit 
combination for all inputs, and, in a like manner, the 
connection of 4, 6, 7, and 8 will produce the correct carry. 

In designing decoding circuits of any size it is useful 
to remember that the simple scheme outlined above is not, 
in general, the most economical. Thus Fig. 24 shows three 
of the possible four input, sixteen output matrices, and 
it will be seen that the straight-forward scheme given in 
(a) requires 64 rectifiers, whereas scheme (b) requires 56 
and scheme (c) only 48. For really large units the saving 
Is even more remarkable, thus, an 8 x 256 decoder of the 
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normal matrix type has 2 048 rectifiers, whereas the most 
economical version has only 608. 

The disadvantage of the optimal schemes lies in the 
fact that rectifiers have to be connected in series and this 
leads to an increase in resistance, capacitance and resultant 
time-constant. ; 


Constructional Details 


One of the most important features of any circuit 
element in relation to a computing machine, is the ease 
with which the element can be packaged in large numbers. 
Several American computing machines® have used selenium 
disks of 1/12in to 1/16in diameter. These have been 
mounted in a plastic panel by means of a plug and spring 
assembly as shown in Fig. 25; and the necessary connexions 
are inserted by painting the surface of the mount with 
conducting paint. A unit of this type is shown in Fig. 26. 

For the work of this laboratory, where the tin diameter 
M.1 type disks are the only variety available, a somewhat 





MI Disk Lower bross bor 
Fig. 27. Construction of unit using M.1 disks 


different mounting technique has been used. A plastic 
plate, }in thick, has holes drilled through it in positions 
to receive the rectifiers. Inlaid into the top and bottom 
surfaces are sets of 1/16in thick brass strip, }in wide and 
of suitable length. To make up a given matrix the 2n out- 
put strips are fixed into position and rectifier disks are 
placed in the appropriate holes to rest on the output 
strips. A small phosphor bronzé spring is next placed over 
each rectifier and finally the 2n input strips are placed in 
position and fixed. To date no ill effect due to moisture 
or chemical attack has been observed. The units are ‘neat 
and compact in appearance as will be seen from Fig. 27. 
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A Count-Rate Meter 


Having Automatic Correction for Losses Caused by Finite Resolving Time 


By E. W. Pulsford* 


A count-rate meter circuit is described, having automatic correction for count-rate losses caused 

by the finite resolving time of the input circuits of the counting equipment. It is necessary that 

the resolving time is known in order that the circuit may be adjusted to apply the appropriate 
correction. 


The chief sources of error are discussed, and the performance of an experimental model is quoted. 


N any experimental determination of the mean rate of 
fan of random-in-time pulses from a detector of 
radioactive disintegrations in conjunction with electronic 
circuits, it is always found that some pulses are uncounted 
because of the finite resolving time of the system. When 
the resolving time is short compared to the mean time 
interval between pulses, it is possible to compute the true 
mean count-rate from the observed count-rate, the usual 
simple relationship employed being 











= (Appendix) 
1—nt 
where 
N = true mean count-rate; pulses per second. 
= observed mean count-rate; pulses per second. 
t= resolving time of the counting system. 
| N 
=<, a a 
o (4 . 6 6 4. 7 8 9 +O 


xn 
Fig. 1. Correction of observed count rate 


Resolving time such that for an observed rate n, the true mean rate (N) 
is 2n 


In those experiments where accurate values of N are 
required, it is necessary:to employ this relationship to 
compute N from each observation of n. This can absorb 
time and labour, especially where there are many results 
to adjust, therefore it would be an advantage if the com- 
putation could be performed by the electronic circuits of 
the counting equipment. It is possible to do this in the 
circuits of a count-rate meter, similar in principle but of 
slightly different design to the linear count-rate meter 
described by E. H. Cooke-Yarborough and the present 
author’. 


Characteristic of an Auto-Correcting Count-rate Meter 


Compared to a linear instrument, whose output is 
directly proportional to the input pulse-rate n, an auto- 
correcting count-rate meter must have an output n/1—nt 
for the same pulse rate. This represents a rising charac- 
teristic, whose shape is shown in Figs. 1 and-2. It should 
be noticed that the curve nowhere approximates to a 
straight line, consequently a simple readjustment of the 





*A.E.LR.E, 
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scale of a linear instrument cannot be used as a method 
of compensation for counting losses. 


Generation of the. Characteristic 

In order to produce this rising characteristic it is 
necessary to make the count-rate meter progressively more 
and more sensitive as the count-rate increases. The way 


1 P 
N 








Fig. 2. Correction for resolving time over the range 0 to 10 per cent losses 


which has been chosen to do this is to increase the charge- 
per-pulse fed to the tank circuit by the appropriate amount 
for the correction required. This increase is effected by 
adding an appropriate fraction of the count-rate meter 
output voltage to the amplitude of the rectangular wave, 
which charges and discharges the feed capacitor of the 
diode pump circuit. The operation of the system may 
then be described mathematically, as follows :— 

In the linear count-rate meter the relation between the 
equilibrium output voltage and the count-rate is 


v = VC;Rin. 
where 
v= output voltage of count-rate meter. 
V = effective amplitude of restangular- wave 


applied to C;. 
C: = capacitance of diode-pump feed capacitor. 
R: = resistance of the count rate meter tank circuit. 
If a fraction p of the output voltage is added to V this 


becomes 
v=(V + pv)C:Rin 
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n 
= VC nm 

whence v Re i-th 

If pC:R: is made equal to the resolving time, ¢, of the 

counting system, we have 


so 
1—nt 
= VC:RiN 


and the output voltage is now a linear function of the 
count-rate corrected for resolving time losses. 


Circuit of the Auto-correcting Count-rate Meter 
The basic circuit is shown in Fig. 3. 


V, is the output stage of an amplitude discriminator? 
at the anode of which rectangular voltage changes occur 
in synchronism with the incoming pulses. The a.c.-D.c. 
coupling network from the anode of V, to the grid of 
V, is so proportioned that the anode current of V, is 





ot degree of compensation, as determined by the position 
of the slider of VR. 

The degree of compensation is calculated as follows: 

Suppose the output voltage of the circuit, as measured 
at the cathode or grid of V, is v. Then the change in 
voltage at the anode of V, is v(q + 1) and the correspond- 
ing change at the grid of V, is an adjustable fraction of 
this depending in a simple manner on the values of R,, 
VR,, R,, R; and the position of the slider of VR,. Let 
us suppose that this fraction is m; then the voltage at the 
grid of V, is 

q\B—| + mv(q + 1). 

This is the voltage V + pv of the basic treatment, and 
the corresponding solution for v becomes 


va de-ica—— 





1—n(m(q + 1)CrR:) 


The magnitudes of m and q must be such that m(q + 1) 
C:R: is equal to the resolving time of the counting equip- 


ment: then compensation for 












































£+ resolving time losses is achieved. 
In practice g is fixed at a value of 
0-5, leaving the variable m to be 
adjusted to give the required com- 
pensation. The usual value of 
|IB—|. is 105 volts; setting these 
figures in the equation yields 
n 
v= 525 Cis 1—n(m . 3C:R:/2) 
The application of this relationship 
in the design of an auto-correcting 
count-rate meter having full scale 
reading of 10000 pulses per second 
and a resolving time of 10 micro- 
seconds is illustrated in the design 
of a practical circuit, shown in Fig. 
4. The conditions quoted are 
typical when working with scintil- 


* 











2- lation counters, the losses at the 
Fig. 3. Basic circuit of count-rate meter with auto correction highest count-rate being about 
10 per cent. 


alternately cut-off and saturated. In the latter condition 
the anode voltage of V, is but a few volts above its 
cathode voltage, and, therefore, the anode swing of V, 
is from this lower limit to an upper limit set by the cathode 
voltage of the cathode-follower, V,. This cathode voltage 
isa few volts above the grid voltage of V,, consequently 
the magnitude of the anode swing of V, is approximately 
the same as the voltage difference between the grid of V, 
and earth. For simplicity it is taken to be exactly equal; 
any error introduced by the inaccuracy of this assumption 
Is one of scale rather than principle of circuit operation. 
The amplitude of the anode swing of V, is the voltage V 
of the previous paragraph, and it is defined at the grid 
of V, partly by potential division from the stabilized H.T. 
supply (by the network R,, R;, VR,) and partly by poten- 
tial division from the anode voltage of V, (by the network 
R,, VR, to which must be added the impedance of the 
network R,, R,;, VR, as seen from VR,). 

The circuits of V, and V, form a feedback pD.c. ampli- 
fier. In the absence of any pulse input to the count-rate 
meter, VR, is adjusted so that the grid of V, is at earth 
potential and the output meter is made to read zero, by 
adjusting VR,. Because the grid voltage of V, is at earth 
potential and because the same current flows in R,, and 
R,,, the anode voltage of V, is |B—| x Rio/Ri. = q|B-|. 
The current in the chain R,, R;, VR, is adjusted (by VR,) 
So that the voltage at the junction of R, and R, is the 
Same as this, so that at low count-rates, when the cor- 
rection for resolving-time losses is negligible, there shall 
be no change of calibration of the instrument with change 
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Practical Circuit 

This differs from the basic circuit in three respects :— 

(1) The method of connecting the output meter between 
the cathodes of two cathode-followers. 

(2) The inclusion of switch S,. 

(3) The inclusion of switch S,. 

These modifications render the circuit easier to set up, 

which process is carried out as follows :— 

(1) S, is closed and VR, adjusted until the meter reading 
is zero. 

(2) S, is opened and VR, adjusted until the meter read- 
ing is again zero. The grid of V,a is then at earth 
potential, and the anode of V, at +52:5 volts. 

(3) A sensitive high resistance voltmeter is connected 
between the anode of V, and the junction of R, and 
R,; then VR, is adjusted until this meter reads 
zero. The voltage of the junction is now 52:5 volts, 
and the amplitude of the square wave at the anode 
of V, is also 52-5 volts for reasons given previously. 

The output meter reaches full scale for a 50 volt change 

on the grid of V,a, and, therefore, the current flowing 
in R; is 50 microamperes. This settles the value of C:, 
for we require 

52:5 x 10000 C; = 50 x 10°° 
C: is seen to be rather less than 100pF, which value is 


covered by the range of the pre-set capacitor, the only 
variable element provided to take up component 
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tolerances and other linear errors affecting the accuracy 
of the instrument scale. 

To compensate for the resolving time of 10 micro- 
seconds we require, as explained, 


- 3C:Rt 
ae 


C:Rt is, as already determined by the sensitivity of the 
count-rate meter, very nearly 100 microseconds; we see, 
therefore, that m should be 0:067. The use of the values 
shown for R,, VR, enables m to be adjusted to this figure. 
This is done in a subsidiary experiment using a variable 
frequency source of evenly spaced pulses. First the scale 
accuracy of the instrument is checked against the fre- 
quency of these pulses, C; being adjusted as necessary with 
the switch S, open so that there is no compensation. Then 
a suitable pair of values of N and n are computed, for 


= 10 microseconds 


affected by mains voltage changes, ageing of the valves 
and the stability of the potential dividing networks which 
define it. The use of high stability types of resistors and 
reliable capacitors disposes of, as far as possible, the 
component stability point. The changes affecting the 
performance of V, and V, may be divided into long-term 
changes, which are usually rectified by occasional reset- 
ting adjustments, and short-term changes which result 
from mains fluctuations. A reduction in mains voltage, 
resulting in a lowering of the cathode temperature and 
emission in V, and V, causes a fall of cathode potential 
in V, (which is readily observable) and probably a small 
reduction in saturation current in V,. Both of these effects 
result in a reduction of the magnitude of V by an amount 
which is small, but not negligible for work of the highest 
accuracy. For example, in a check of an experimental 
instrument, the meter reading fell by 1 per cent for 











IOOMQ 2 ISkN 


A 














i 
an, VR, 


eas | Sskn 























Vv. 
: 68k 
10kN 4TkQ = AAA 
Mr NN a Se 
wal 100kN 









B +250V 


IMQ 





























47kQ 


B-IO5V 








Fig. 4, Practical circuit of count-rate meter with auto correction 


example, N = 10000, n = 9100p/s. The frequency of the 
pulses is adjusted until the count-rate meter reads 9 100, 
switch §, is closed, and VR, adjusted until the meter reads 
10000. The circuit is now set up to perform the com- 
putation of N from n at all points on the scale. 


Stability and Accuracy 


STABILITY OF ZERO 

In the absence of any pulses arriving at the input of 
the count-rate meter, the reading of the output meter 
(ideally a constant zero) is affected only by the behaviour 
of the circuits of V, and V,, where changes of valve 
parameters with age or with change of .cathode tempera- 
ture (because of mains voltage changes) may affect the 
zero. These changes are of the order of a few tens of 
millivolts, and amount to only a few parts in a thousand 
of the full scale deflexion (50 volts). In an experiment 
where the mains voltage varied from 210 to 240V, the 
movement of the meter needle was barely perceptible: 
the circuit may, therefore, be relied on to maintain its zero 
setting in a satisfactory way. 


STABILITY OF CALIBRATION 

When no resolving time correction is used, the calibra- 
tion stability depends on the accuracy with which the 
relation E 


v/n =V.CrR: 


is held. The chief causes of error involve the stability 
of C; and R; with time, and that of V which may be 
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reduction of 10 volts from the normal mains voltage. This 
represents the sum of inaccuracies from all points affected 
by mains voltage changes, but there is little doubt that 
most of the observed error results from changes in these 
valves: this is confirmed by observation of the cathode 
voltage of V,, where a voltage change is found sufficient 
to account for the greater part of the observed error. If 
the mains voltage can be relied on to £10 volts, the errors 
introduced are not much greater than the standard 
deviation of the counting rate from the mean (with 
integrating time 2 seconds, this is +1 per cent at 2 500c/s, 
+4 per cent at 10000c/s') and so may be just tolerable. 
For better accuracy than this, steps should be taken to 
stabilize the heater temperature of these valves, preferably 
by stabilizing the mains supply to the whole instrument. 

en the compensation of resolving time losses is in 
use, the additional sources of error are drifts in the 
resistors of the network defining the feedback factor from 
the anode of V,. These errors are minimized by the use 
of high stability components; this, together with occasional 
performance checks should réduce these additional sources 
of error well below the tolerance level. 


LINEARITY OF SCALE 

The most likely factor affecting the linearity of the scale 
is the time-constant of charge and discharge of the feed 
capacitor to the diode pump.’ When the anode current 
of V, is flowing, C; is discharged into the tank circuits, 
since the saturation current available in the anode circuit 
can be quite large, the 100pF of C; is discharged very 
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rapidly, certainly in a shorter time than that in which it 
is charged after V, is cut-off. The time-constant of 
charging is 2:2 x 10* x 10-*° seconds, or 2:2 microseconds, 
which is only about 1/50 of the mean pulse spacing at 
10000c/s. Consequently losses resulting from incomplete 
charging or discharging of C; are so small as to be 
negligible. 

A test of the linearity of the circuit performance against 
regularly spaced pulses of known frequency showed that 
there was little, if any, detectable non-linearity at any part 
of the scale; certainly it was less than 4 per cent every- 
where in the experimental model used for the test. 

It may, therefore, be concluded that, provided the mains 
voltage is reasonably steady, the overall accuracy of per- 
formance of this instrument is good, and may be relied 
on with confidence to better than 1 per cent. This has 
been confirmed by a prolonged run, using a self-balancing 
potentiometer recorder on the output, when overnight 
(16 hours) the reading remained constant, the errors being 
unreadably small. In this test the pulses were crystal 
controlled at a repetition rate of 5 000p/s. 


Conclusion 


The instrument described should be useful in counting 
experiments, where the accuracy requires the computation 
of the losses caused by finite resolving time, and especially 
in long-term experiments where recording is used. Pro- 
vided the voltage of the power line is kept reasonably 
constant, and occasional calibration checks are made, the 
accuracy of the instrument should be adequate for the 
majority of purposes where count-rate meters are 
employed. 
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APPENDIX 


CORRECTION OF OBSERVED COUNT-RATE FOR RESOLVING 
TIME 

We assume that the pulse duration is negligible 
compared with the resolving time and the mean pulse 
spacing. 

Let N be the true mean count rate. 

n be the observed mean count rate. 
t be the resolving time. 

Suppose a certain pulse initiates a resolving time, and that, 
following the end of the resolving time there is a waiting 
time until the arrival of another pulse, which starts the 
next (similar) sequence. 

The interval between counted pulses is, therefore, 

resolving time + waiting time. 
Now we count n of these intervals per second, therefore, 
the mean duration of one of them is 1/n seconds; each 
mean interval contains N/n pulses, of which one is 
counted, and N/n-—1 are lost. 

The lost counts occur in the resolving time, ¢, their mean 
number being N t. 

We have, therefore, 


Nt=Nin - 1 
whence N = n/1 — nt. 
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A Simple Glare Meter 


By V. J. Jehu*, M.Sc., A.Inst.P. 


egies of the dazzle situation arising from the use 
of vehicle headlights at night have been carried out 
by the Road Research Laboratory from time to time. 
The assessment of dazzle has been based on a visual 
glare assessment made by the observers. While any one 
survey can give a fairly reliable comparison of the dazzle 
from different types of lamp or the lamps used by 
different classes of vehicle, such surveys are not well 
adapted to revealing changes which may take place over 
a period of time, since an observer's criterion of dazzle 
will not necessarily remain the same from one survey 
to the next. Headlight intensities were therefore measured 
with a photo-electric cell, as described in this article. 


Method 


The glaring intensity of approaching headlamps and 
passlamps was found by measuring the illumination 
received 100 yards from the lamps by a multiplier photo- 
cell mounted in a stationary car. The car was parked 
on the grass verge facing towards a right-hand bend in 
the road, and 100 yards from a detector tube which was 
Placed across the road in such a position that at the 
instant of passing over the tube the lamps of oncoming 
traffic were aimed slightly to the offside of the stationary 
car (Fig. 1). In this way it was possible to obtain a close 
approximation to the glare condition when two vehicles 
are 100 yards apart on a straight road. The bend in the 
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road also enabled measurements to be made from denser 
traffic than would otherwise have been possible, because 
light from the lamps on following vehicles was not 


Fig. 1, Layout for measurement of glare of vehicle meeting beams 
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directed at the photocell until the vehicles were close to 
the detector tube. 


Apparatus 

The multiplier photocell was mounted in a position 
which approximated to that of the driver’s eyes; it was 
connected directly to a cathode-ray unit so that the 
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(b) 
Fig. 2. Circuit of the glare meter 
(a) Photomultiplier and cathode-ray tube circuit. 
(b) The trigger circuit. 


output of the photocell was measured by observing the 
deflexion recorded on the cathode-ray tube. The passage 
of the front axle of a vehicle over the detector tube on 
the road closed a contact which actuated a relay chain 
arranged to brighten momentarily the spot on the long 
persistence screen of the cathode-ray tube. The deflexion 
of the spot could readily be measured by means of a 
millimetre scale graduated on perspex, which was mounted 
over the face of the cathode-ray tube, and which was 
internally illuminated by a torch bulb. Horizontal and 
vertical shift controls enabled the zero setting of the light 
spot to be adjusted and periodically checked. 

The sensitivity of the instrument could be varied by 
altering the anode load of the photo-electric cell; three 
ranges were provided having sensitivities of about 7 x 10~*, 
3x 10-*, and 6x 10-* Im/sq ft/mm respectively. These 
sensitivities corresponded to full-scale deflexions (50mm) 
for intensities of about 3 700, 16000 and 32 000cd, when 
the light source was 100 yards from the cell. Allowance 
was made in the calculation of intensities for the trans- 
mission factor of the windscreen of the car. The spectral 
response curve of the photocell was corrected to that of 
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the average human eye by means of a colour filter. The 
filter reduced the sensitivity of the cell to light from an 
incandescent filament to less than one-tenth, so that 
without the filter the maximum deflexion sensitivity of 
the instrument would be about 7x 10-° Im/sq ft/mm. 

The multiplier photocell and the cathode-ray tube were 
supplied from a common high-voltage source, a vibrator 
pack energized from a 6-volt car battery. An adjustment 
was provided so that the supply voltage indicated by an 
electrostatic voltmeter could be kept constant. This was 
necessary because the sensitivity of the multiplier photo- 
cell depended on the supply voltage and increased rapidly 
as the voltage increased. The sensitivity of the cathode- 
ray tube also depended on the supply voltage; it 
decreased as the voltage increased, but not sufficiently to 
counteract the increased sensitivity of the photocell, 
Circuit diagrams of the measuring apparatus and the 
relay chain are given in Fig. 2. 

To measure the glaring intensity of a meeting beam 
the operator selected the appropriate range of the instru- 
ment and closed a switch as the vehicle approached the 
detector tube. The switch energized the relay chain and 
opened a shutter which normally covered the photocell. 
Finally the operator noted the position of the light spot 
on the screen of the cathode-ray tube. 


Estimated Accuracy of Results 


Measurements of the intensity of a light source require 
a knowledge of the distance between the light and the 
measuring instrument. In the present arrangement there 
are two sources of error in the determination of distance. 
The first is the delay between the passage of the front 
wheels over the detector tube and the switching on and 
off of the electron beam of the cathode-ray tube. The 
second is the distance between the lamps on a vehicle 
and the vertical plane containing the front axle. 

The delay is made up of the time for the initial pulse 
to travel along the detector tube, and the time of operation 
of the relay chain. High-speed relays are used in the 
trigger circuit, and it is estimated that the total delay 
between the initiation of the pulse in the tube and the 
dimming of the cathode-ray tube is about 25msec. During 
this time-interval a vehicle travelling at 60 m.p.h. would 
move about 2ft, which in 100 yards corresponds to a 
maximum error in the measurement of beam intensity of 
about 1 per cent. The maximum distance between the 
lamps and the front axle is of the order of 6ft to 7ft for 
modern public service vehicles, and this corresponds to 
an error of 5 per cent in the determination of beam 
intensity. For the majority of vehicles, however, the error 
will be less than 5 per cent. Because of the smallness 
of these errors it may be assumed in calculating the 
intensities that the distance is 100 yards in all cases. 

The largest source of error appears to be the variation 
in the calibrations of the instrument, which were carried 
out in the laboratory with a 100 watt sub-standard lamp 
source. The maximum variation observed in calibrations 
made at a specified supply voltage over the six-month 
period during which glare measurements were made was 
about 17 per cent. 

Considering all three sources of error, therefore, the 
values of the intensity are estimated to be subject to 
maximum errors of about +15 per cent and —8 per cent. 
The inequality of the positive and negative errors arises 
because the errors in the distance tend always to increase 
the calculated intensity. 
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An Audio Frequency Phase Meter 


By F. P. Moss*, B.Sc. 


A direct reading instrument for the measurement of the phase difference between two signals in 
the 30c/s to 30kc/s frequency band is described. 
The meter incorporates an automatic squaring control circuit’®, which renders the reading 
substantially independent of variations of level of 20db and up to 20 per cent total even harmonic 
distortion, and a thermionic diode meter shunt which reduces errors due to variation of the mains 
supply voltage. 


HE instrument was originally developed for use in 

conjunction with phonic wheel generators to measure 
the torque of rotating shafts. In this application two 
phonic wheel type of alternators are mounted a known 
distance apart on the shaft. Twist in the shaft causes a 
phase displacement of one signal relative to the other 
which is proportional to the angle of twist and which 
may be measured by the phase meter here described. 

The phase meter also has many uses in the study of 
vibrational and acoustical problems and in testing audio 
frequency apparatus such as amplifiers and filters. The 
instrument was finally designed with such applications in 
mind and has a frequency range of 30c/s to 30kc/s and 
a range of permissible input levels of 40mV to 400mV 
R.M.S. The design also ensures that accuracy is unimpaired 
by up to 20 per cent total even harmonic content. 


Basic Circuit 

A block diagram showing the waveform at various points 
in the circuit is shown in Fig. 1. The two signals are 
amplified by separate amplifiers and converted into square 
waves by separate limiters. Unity mark-space ratio of the 
square waves is maintained under conditions of vary- 
ing input level and harmonic content by means of the 
automatic mark-space ratio control circuits. 

One of the square waves is applied to the control grid 
and the cther to the suppressor grid of a short grid and 
suppressor base pentode. Anode current will only flow 
during the period for which both square waves are 
positive and thus rectangular pulses of anode current are 
obtained: The width of these pulses will depend on the 
phase difference between the two square waves, that is 
to the phase difference between the input signals from 
which the square waves are derived. The relationship 
between pulse width and phase difference is given by 
the equation : — 


x= 180-¢@ 
where x = pulse width (degrees) 
@ = phase difference (degrees) 


Since the amplitude of the pulses is constant, the mean 
anode current will be proportional to the pulse width and 
a D.c. milliammeter in the anode circuit of the valve will 
indicate the phase difference between the input signals, 
the law being a linear one. 

The input signals are amplified approximately 32db 
before being fed to the limiters. The exact gain of the 
amplifier is not critical as the subsequent circuits are 
designed to accommodate variations of 20db correspond- 
ing to 40mV to 400mV input signal level. A single stage 
triode amplifier employing one half of a 12AX7 is used. 


LIMITER 
The function of this part of the circuit is to convert 
the amplified signal into a square wave of unity mark- 


Se ee = Datinced neal 
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space ratio. A number of squaring circuits were con- 
sidered, but most of them suffered from the defect that 
the mark-space ratio depended upon signal level and in 
all of them the mark-space ratio varied with the harmonic 
content of the signal, so that a manual control was 
necessary. 

The simplest circuit is a triode or pentode limiter, 
capacitively coupled from the amplifier. The coupling 
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Fig. 1. The phase meter 
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Fig. 2. Relative grid bias of limiter required to obtain equal mark-space 
ratio with different signal levels 





. 


capacitor will, however, become charged by grid current 
and will thus change the grid bias of the limiter and hence 
alter the mark-space ratio. D.c. coupling the amplifier to the 
limiter overcomes this defect, but the grid bias of the 
limiter is then affected by drift in the amplifier and highly 
stabilized H.T. and heater supplies will be required. 

An alternative approach is to insert a diode between the 
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amplifier and the limiter as shown in Fig. 2 so that the 
grid of the limiter is never driven positive. The grid bias 
is chosen to give unity mark-space ratio, but as the value 
required will depend on the signal level this circuit is not 
a solution of the problem. 

A diode may be employed as shown in Fig. 3. to prevent 
the grid of the limiter being driven positive, the mark-space 
ratio in this case being controlled by the bias on the diode. 
Charging of the coupling capacitor will, however, effect the 
bias, but may conveniently be prevented by means of a 
second diode inverted with respect to the first as shown in 


Fig. 4. The circuit shown in Fig. 4(b) was employed with 
: + - = + - 7 
Amplifier Limiter Amplifier Limiter 

(0) (b) 


Fig. 3. Use of diode to prevent grid of limiter beimg driven positive 
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Fig. 4. Addition of second diode to prevent charging of coupling capacitor 


some success in an early design, the accuracy of the instru- 
ment being unimpaired by variations of level of +6db from 
the optimum, but manual control of the squaring circuits 
was necessary to compensate for variations of harmonic 
content. 

The method finally adopted was to use two simple pen- 
tode limiters in cascade, the first obtaining its grid bias 
from an automatic mark-space ratio control circuit which 
measures the mark-space ratio of the square wave and auto- 
matically controls the limiter bias to maintain this ratio at 
unity’. : 


MIXER 
The Mazda 6F33 pentode, which has short cut-off control 
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grid and suppressor grid characteristics and a diode 
internally connected to the suppressor grid to permit this 
electrode to be driven positive, is suitable for use in the 
mixer stage. The u.T. supply for both anode and screen jg 
70 volts and is obtained from a neon stabilizer tube, type 
QS70/20. Under these conditions the effective cut-off for 
the control grid when the suppressor grid is connected to 
the cathode is — 2:5 volts and that for the suppressor grid 
when the control grid is connected to the cathode is also 
— 25 volts. The low value of H.T. not only ensures that 
the rectangular pulses of anode current have very short rise 
and decay times compared with their duration, but also 
ensures that the value is not over-run. 


INTEGRATING DETECTOR AND HEATER SUPPLY COMPENSATION 
CIRCUIT. 

Basically the detector consists of a D.c. milliammeter con- 
nected in the anode circuit of the mixer valve. In the final 
design a circuit which compensates for variations of heater 
supply voltage was incorporated. This consists of a double 
diode in series with a resistor, connected as a meter shunt 
of value dependent upon the heater supply voltage. A fall 
of heater voltage causes an increase of the diode resistance 
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Fig. 5. Circuit waveforms 


and thus an increase of the fraction of the anode current 
carried by the meter which compensates for the fall of total 
anode current. 


Possible Sources of Measurement Errors 


To achieve a high degree of accuracy of measurement it 
is necessary for the square wave to have exactly unity 
mark-space ratio and for its rise and decay times to be as 
short as possible. The former is achieved by means of the 
automatic mark-space ratio control circuit and is dealt with 
more fully elsewhere’. 

The error due to the square wave having finite rise and 
decay times will now be considered. 

In Fig. 5 the ideal square waves fed to the control grid 
and suppressor grid of the mixer are shown dotted and the 
corresponding trapezoidal waves obtained in practice by 
solid lines. It is seen that whereas the anode current 
corresponding to the square waves is a rectangular pulse, 
that corresponding to the trapezoidal waves will be either 
trapezoidal or triangular depending upon the relative phase 
of the input waves. 

It is seen that for a phase difference of (x—.x) for 
0 < x <7, the area of the rectangular pulse is equal to hx 
where h = height of pulse and is thus a measure of the 
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phase-angle. The area of the trapezoidal or triangular 
wave will also be a function of x. This function f(x) will 
now be considered. , 

Let 2a = rise time of trapezoidal wave whose period is 
Qn then, provided 2a< x <7, the pulse of anode current 
is trapezoidal and is of area hx., i.e., is the same as that of 
the ideal rectangular pulse and there is thus no error. 

ie., f(x) = hx for 2a<x<ar 

When x< 2a the anode current consists of two 
triangular pulses + radians apart as seen in Fig. 5 and 
f(x) is equal to the combined area of these. 
en wi (2a + x)*h (2a — xh 
andi 4a 4a 


ie., f(x) = h(a + x?/4a) for 0< x <2a 
Thus f(x) > hx and the measuring error e is given by: — 
e=h(a+ x*/4a) — hx 
ie., e = h[a — x(1 — x/4a)] 


Now 1—<x/4a is positive for x < 2a and the error is 
therefore less than ha. 


Maximum error occurs at x = 0 and is equal to ha. 





tol 
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Fig. 6. Analysis of error 

















aS 


Full-scale deflexion occurs when x = a and is equal 
to Az. 


Thus the zero error is ha/hz x 100 per cent of full- 
scale deflexion. 


ie., Zero error = a/z x 100 per cent of full-scale 
deflexion. 
Referring to Fig. 6, the rise time 2a is given by 
sin a = 4E,/E’. 
For the early design of phase meter which employed 
diode limiters: — 
Ey = 2:5 volts and E’ = 50 volts. 


+ x 2°5 


3 Ee a = 0-025 


The error is zero for x > 2a, i.e., x > 0-05 radians 
(or 3°) 

i.e., zero error for phase angle of between 0° and 177°. 
_ Maximum error occurs when x = 0, ie., at 180° and 
is given by 

€1s.° = 0-025 x 100 per cent of full-scale deflexion. 

*, @:g92 = 0-78 per cent of full-scale deflexion. 

ie., error at 180° is 1-4°. 


‘. sin a= 


The meter reading and corresponding error for phase 
angles of between 177° and 180° are tabulated below: 








PHASE-ANGLE | METER READING | ERROR 
0-177° | Correct 0 
178° 177,9° 0.1° 
179° | 178.4° | 06° 
180° 178.6° |. a 











For the final design of phase meter which employs two 
pentode limiter stages in cascade, the rise time will be 
Considerably less than for the earlier instrument, i.e., 
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a < 0-025, and hence the error due to this cause will be 
much less than 1-4° for a phase difference of 180°. 

Another possible source of error is the variation of 
the height, h of the pulses of anode current of the mixer, 
caused by valve ageing or drift in the supply voltages. 
Since, however, the meter deflexion is directly propor- 
tional to the pulse height, this error can readily be 
eliminated by means of a variable meter shunt adjusted 
to give the correct meter reading for a known value of 
phase difference. In practice, a single 50c/s supply of 
suitable amplitude is provided, which is applied to both 
channels when the Use CALIBRATE switch is set to 
CALIBRATE. The variable meter shunt Ser ZERO control 
is then adjusted for zero phase reading of the instrument. 

Further errors may be caused by phase shift in the 
amplifiers or limiters, but by making the two channels 
identical and by careful attention to time-constants this 
source of error may be minimized. 


Calibration 

In order to check the calibration of the instrument it 
is necessary to feed it with two signals having a known 
phase difference. No method of measuring’ phase to the 


fo 
RR: 
e 
c 
2 


Fig. 7. Calibration network 











required degree of accuracy (better than 1 per cent) is 
known to the writer. It was, therefore, decided to use a 
resistance-capacitance phase shift network to provide the 
pair of signals of known phase. 

The series resistor and capacitor R and C are fed from 
a balanced low impedance source as shown in Fig. 7. 
The phase of the voltage between point p and ground will 
depend upon the value of R, C and the frequency. Its 
amplitude will, however, be constant and equal to the 
input voltages V, and V, provided the load impedance 
between point p and ground is large compared with R 
and C. The resistors R, and R, must be small enough 
to ensure that V, and V, are unaffected by changes of 
R and C. 

In practice, the resistor R was a 2kQ) helical potentio- 
meter, calibrated 0 to 1000 and linear to better than 0-1 
per cent. The capacitor C, and frequency, were then chosen 
so that the reactance of C was equal to the maximum resis- 
tance of R. The phase-angle between points P and o was 
then 90° and that between points Pp and Q also 90°. As R 
is reduced in value the phase-angle between P and o will 
be reduced and the complementary phase-angle between 
P and Q increased. The law relating phase-angle to-C, R 
and frequency f is:— 

gro = 2 tan ~'2 7 fRC 
grq = 180 — 2 tan ~'27fRC 
thus by feeding one input of the phase meter from point 


p and the other from point 0 or point Q a complete range 
of phase of 0 to 180° was obtained. 
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A Clipper with Automatic Mark-Space Ratio Control 


By A. B. Johnson*, B.Sc. 


hy is sometimes convenient to be able to produce from 
a given periodic waveform a rectangular wave with a 
mark-space ratio (M.S.R.) independent of the amplitude and 
harmonic content of the input wave. This object can be 
achieved by means of a special feedback device’. The 
basic principle is shown in Fig. 1. 

The input voltage is a periodic time function V(t). The 
output is a rectangular wave whose M.S.R. is a function of 
V(t) and e., the control bias. For a given V(t), the M.S.R. 
is determined by the bias level of the first clipping stage 
of a limiting amplifier. It is compared in a discriminator 
circuit with a standard and a voltage proportional to the 
departure from the assigned value is used to modify this 
bias in a degenerative sense. With sufficient open-loop 
gain the error in the M.s.R. can be made very small. 
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Fig. 2. Two pentode clipping amplifier 


Consider a clipping amplifier consisting of two pentode 
stages as in Fig. 2. Anode current cut-off in the first 
valve produces the flat top of the clipped wave appearing 
at the anode of V,. The upper few volts of this wave are 
then amplified in V, to produce a rectangular wave (Fig. 3). 
The M.S.R. is thus determined by the level at which the 
input wave is clipped by anode current cut-off in V,. R, 
is present to prevent the wave being clamped on the posi- 
tive-most part by grid conduction, which would result in 
e. losing control. 

The m.s.R. is defined here as x = 0@/z (Fig. 4). 

Consider the system of Fig. 1 in equilibrium with a cer- 
tain V(t) and value of e. producing an M.S.R. xo. Now let 
V(t) change in amplitude or waveform so that x becomes 
xX. + 6x in the absence of any change in e,. 

Let the output of the discriminator be K(x.— x). Then 
ec = AK (x.—x), and with this change in e. operating on 
the clipper. 


xX = Xo + bx + Ax/ de. AK(X0—x) 
ae i. 
1 + dx/de.. AK 


Whence x = x 
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where éx/de, is the rate of change of x with e, for the 
new input V(r). 
Hence the presence of the feedback loop reduces the 


" 1 ae dl 
change 6x by a factor + a kee 

Consider a waveform at the relevant clipping level shown 
in Fig. 5. 

































































6 = 6 + (1/m, + 1/m.).6e., where m,, m, are the 
Grid conduction 
Input V(t) i cut-off \ 
ee | ~ Grid conduction 
CC la ea — I i 2 eupon 
Grid V2 | | 
oe = = 
Ieial 
Anode V | | 
| | 
— | = 
Fig. 3. Circuit waveforms 
- 6 - 
| | | | | | | 
x 
<—— 2n ——e i 
Fig. 4. Definition of mark-space ratio 
Yo é 4 
Aoi! m, & A ton! m, 
+ 6, a 
e % 
+ 
¢ 


Fig. 5. Waveform at clipping level 


slopes of tangents to the wave in the region of the clipping 
level, with appropriate signs, 


. Ox =bec/a7.(1/m,+m,) and @x/de.=1/z7 (1/m, +1/m.) 
substituting in equation (1) 


P ox 
¥= T+ AK/x(1/m, + 1/m,) 

Now 5x is determined by the nature of V(t), the changes 
it undergoes and the characteristics of the clipping circuit. 
It is least, for pure amplitude variations in V(t), when the 
clipping level is arranged to be at the average value of 
the waveform. 

For a large error reduction factor, A,K should be large, 
m,, m, small. When m,, m, are both infinite, i.e., the wave 
has vertical sides in the vicinity of the clipping level, ¢ 
has no control. 


AUGUST 1954 





ANSP BRE 











Pract 


Fis 
lined 
fier € 
is bi 
averé 
in Fi 
En 0 


v(t) 


infré 
phot 
Indu 
61S\ 
chat 
and 

advé 
robu 


enat 
low 
61S' 
ling 
simi 
ture 
riag 


the 
pole 
duc 


61S 
the 
mak 


radi 
ing 

type 
pre 
Whi 
ther 
sens 
the 


AU 








rol 


for the 


"es the 


shown 


re the 


“ 


“\ 


ppihg 


m,) 


anges 
rcuit. 
n. the 
ue of 


large, 
wave 
el, eo 








eA FORE HO 














Practical Application : 

Fig. 6 shows a simple embodiment of the principle out- 
lined above. Pentodes V,, V, constitute a clipping ampli- 
fier operating as shown in Fig. 3. The M.s.r. discriminator 
is basically a pair of clamping circuits followed by 
averaging and summing networks. Waveforms are shown 
in Fig. 7. The M.sS.R. is readily changed by variation of 
En or the tap position of point a. The M.s.r. discrimina- 
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Fig. 6. Simple embodiment of principle described 


tion can be achieved in numerous ways but that shown 
is probably the easiest to realize practically. 


Neglecting the output impedance of V.,, 
B= fT = Ex/2 E, = E(T — t/T) = E/2.(2 —x) 
_ E.R, + ER; 


E, —Eo/R, = E.—E.,/R. Eo = — 
om sp lias R, + R, 


A New Infra-red Photocell 


_ An important contribution to the numerous applications of 
infra-red radiations in science and industry is made by a new 
photocell recently introduced by the Communications and 
Industrial Valve Department of Mullard Ltd. This cell, the 
61SV, is of the photo-conductive lead sulphide type, and is 
characterized by extreme sensitivity to infra-red radiations 
and an unusually high speed of response. It has the additional 
advantages of a high signal-to-noise ratio, small size and 
robustness. 

For example, it makes possible advances in radiation pyrometry, 
enabling very small temperature variations to be detected in 
low temperature sources down to 100°C. This means that the 
61SV cell can be used for such typical applications as control- 
ling and monitoring the work in radio-frequency heating and 
similar industrial applications such as measuring the tempera- 
ture resulting from severe braking in wheels on railway car- 
riages, and for detecting hot axle bearings, etc. 

The 61SV lead sulphide cell depends for its operation on 
the photo-conductive effect. In practice, the cell is given a 
polarizing voltage, and the change in resistance is made to pro- 
duce a voltage change across an external resistive load. 

The electrical resistance of the lead sulphide layer in the 
61SV lies between 2 and 7M&. It is, however, normal to use 
the cell with a load resistance of between 1 and 2M, thus 
making it possible to use the cell with conventional amplifiers. 

The spectral sensitivity of the 61SV to long-wave, infra-red 
radiations represents an improvement on that given by exist- 
ing photocells of the caesium-oxidized-silver photo-emission 
types. Its sensitivity is also a considerable improvement on 
previously available photo-conductive and photo-voltaic cells. 
When compared with thermai infra-red detectors, such as the 
thermopile and bolometer, the 61SV not only shows better 
sensitivity, but, what is more important, great improvement in 
the speed of response. The short response time of this cell 
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Comparing with the above, E/2 corresponds to K. It 
is an advantage if the pulse input to the discriminator is 
as large as possible. 

This device has been found very useful in phase and 
torque measurement where a 1:1 square wave is required 
from an arbitrary input: this application is treated in 
detail elsewhere’. 

An interesting application suggested by Mr. P. G. S. 
Jackson is the use in conjunction with a sinusoidal oscilla- 
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Fig. 7. Waveforms of Fig. 6. 





























tor to obtain a pulse generator of conveniently variable 
pulse width and good frequency stability. 

With a sawtooth input it can be used to obtain pulse 
width modulation with good modulation linearity, the 
reference voltage Er being varied in accordance with the 
information. 
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has the distinct advantage that it enables transient phenomena, 
i.e. fluctuating temperatures, to be studied and, where neces- 
sary, observed on the screen of a cathode-ray tube. 

The spectral response of the 61SV cell is from about 
0:34 (30004) in the visible spectrum to about 3-Su 
(35000A) in the infra-red. The peak response occurs at 
2:5u (25000A). By comparison, it is interesting to note that 
the useful spectral sensitivity of emission photocells of the 
caesium-oxidized-silver type stops at about 1:2, (12 000A). 

Cells of the lead sulphide photo-conductive class have an 
inherently large ambient temperature coefficient of resistance. 
In order to minimize the effects of these changes in the cell 
output, it is usual to operate the cell with an interrupted or 
“chopper ” disk, holed disk or similar device. The output of 
the cell is then fed into an a.c. coupled amplifier, the time- 
constants of which are so chosen that only the rapidly chang- 
ing signals, resulting from the chopping of the radiation from 
the temperature source under observation are passed on to the 
subsequent amplifier stages. For critical measurement applica- 
tions, best results are achieved by using an interruption or 
“chopper ” frequency of about 800c/s, the amplifier being of 
the tuned type, having a bandwidth such that all necessary 
information in the cell output is utilized. A typical amplifier 
bandwidth for such purposes is 50c/s. 

The ultimate detection limit of the cell is usually derived 
by using an interrupted radiation source at the optimum 
chopper frequency (800c/s) and an amplifier having a theoretical 
bandwidth of ic/s. With such a circuit arrangement it is 
possible to detect radiation energies as low as 0-003 microwatts 
(3 x 10-° watts). The radiation source for this particular 


measurement is a 200°C black body, having a 3-Omm diameter 
aperture, situated 8in (20cm) away from the cell. Some idea 
of the sensitivity may be judged from the fact that the cell 
will detect directly without any optical system the heat radia- 
tion produced by such hot objects as an ordinary soldering 
iron (approximately 350°C) placed at a distance of 100 yards 
or more away. 
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Induced Charges and Currents 


(Appreciable Space Charge Present) 


By W. E. Benham, B.Sc., F.Inst.P. 


It is rigorously established, starting with Green’s Theorem, that the potential function appropriate 


to the calculation of induced charge must satisfy Laplace’s equation. 


This means that existing 


methods of arriving at induced charge are valid even when space charge distorts the field, i.e., the 
“cold” potential function for this purpose is vindicated, whatever the degree of space charge present. 


tf correct way of regarding electronic currents in any 
kind of vacuum tube is not merely to say that one 
electrode emits, or another collects so many electrons per 
cm’/sec, but to reason as follows. All the time a milli- 
ammeter is indicating anode current, electrons are in 
motion between the electrodes of the device considered. It 
is this motion of electrons which induces (electrostatically) 
a varying anode charge. When the electrons actually be- 
come collected they no longer contribute current in the 
same way as they did while freely travelling, and since 
they are slowed down (sensibly to zero velocity) on im- 
pingement at an electrode, one can understand that the 
anode current (due to electrons at the moment of 
impingement) falls to zero just at the time that the older 
conception of electron collection would have indicated that 
the current would first occur. The current in the wiring 
to the electrodes is produced by the (sensibly, but not quite) 
zero motion of electrons after collection, and not merely 
one group but a number of already collected groups, all 
moving with velocities of the order of a fraction of a 
centimetre per second only. 

Since, owing to space charge neutralization by positive 
nuclei in the metal, enormous densities of electrons are 
possible, we obtain the same current per cm? in the metal 
by virtue of the relation (applicable, at any rate, to direct 
currents) 

i = PcVe = PmVm 


Where i. convection current in valve; p,v are space charge 
density and electron velocity; the suffix c corresponds to 
convected electrons, while m denotes the values in the metal. 
Thus, if v. should be (as is typical) as high as 10°vm. pm 
will be 10°p.—a state of affairs which suggests very high 
local internal fields inside the metal (as modern physics 
in fact teaches, contrary to the older simplifying doctrine 
of zero field inside a conductor). 

Since the induced charges on the electrodes, by their 
variation in time according to changes in electron posi- 
tions and densities (i.e. in dr/dt = v. and in p-) gives rise 
to induced currents, it is all important to be able to calcu- 
late these induced charges and currents, for the latter 
virtually specify the performance characteristic of the 
device at any frequency of operation. By far the greater 
part of published work starts out by neglecting the effects 
of mutual repulsions, so that in cases where mutual repul- 
sions of electrons must be considered, the question arises, 
does the expression used for induced charge depend upon 
the space charge density, or can one continue to use an 
expression based upon a potential distribution in the device 
in the absence of space charge? The purpose of the present 
article is to establish rigorously that the answer to the 
second question framed above is, indeed. in the affirmative. 

The necessary mathematical details are relegated to the 
Appendix, and it only remains to comment here upon 
what is being done there, for the benefit of those not pre- 
pared to spend the time to scrutinize the proofs. In the 


first section (equations (1) to (8)) it is shown that if by 
means of Green’s theorem due allowance is made for the 
existence of two potentials, one, ~ the potential in the 
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absence of space charge and the other, @ that in the pre- 
sence thereof, then the expressions for induced charge 
(equation (5)) and induced current (equation (8) ) both 
come out in terms of ~ rather than of ¢. Note here that 
v differs from wv only in that it contains a constant multi- 
plier, 1/log (b/a). 

In dealing with a cylindrical geometry we can at any 
time reduce to a plane geometry by letting a tend to b, 
A spherical geometry has also been worked out. 

In the next section ‘Potential Function appropriate to 
the calculation of Induced Charge’, instead of specifying 
at the outset that ~ shall be the ‘cold’ potential function, 
we leave w open and, in a more general approach, reach 
the conclusion that, if ~ (whatever its value) shall now 
be regarded as the potential function appropriate to the 
induced charge, then (equation (5) ) 

w = Wy log(r/a)/log(r/b) 
(with yY at our disposal) is reached as a sufficient (but 
not yet necessary) condition for the satisfaction of the equa- 
tion (4b) which is that corresponding to Green’s theorem 
after certain legitimate manipulations have been effected. 

Further steps taken are directed towards establishing 
that the above condition is necessary as well as sufficient. 
To this end we let W differ from the cold potential function 
by the amount wv, and in taking an assumed power series 
expansion for wv, find that all the coefficients are zero. 

The inference from this work, believed novel at any 
rate in respect of publication, is that expressions in current 
use are valid even when space charge is important. 


APPENDIX 
1.—INDUCED CHARGE ON ANODE OF CYLINDRICAL DIODE: 
INDUCED CURRENT 

It is convenient to start with the following well-known 
form of Green’s theorem 

f ds(oo/an—wag/an) = [dv(~A*y—VA*9)....... (1) 
and make ¢ the actual potential at any point in the diode, 
while y will be chosen as log (r/a), for reasons which will 
later be seen to be valid. The boundary surfaces are: 
cathode 2zal anode 2zbl, while 2zrdr. | represents the 
appropriate volume element dv. The normals being direc- 
ted out of the cathode-anode space, we shall have d/an = 
—d/ar at cathode and +0/ar at anode. Equation (1) be- 
comes, after making these substitutions and cancelling the 
common factor 2z/, and remembering that A*y = 0 


a — $./a--O) +b { o/b —(2/arlog(b/a) } 
= —- far log (r/a)a/ar (rag/or) .... (2) 
Or ¢v—da—b log(b/a) (d/ ear)» : 
= — |rlog(r/aag/arl® + frog/ar.dr/r...... (3) 
On inserting limits on the right-hand side, and integrating 


the last term, we see that it becomes identically equal to 
the left-hand side. 
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If we write equation (2) in terms of the space charge 
density p and of p, = 2arp (so that p,dr element of 
charge per unit length of dv)* 


$o—¢a— 5 log(b/a) (09/dr)o = 4a fpr log(r/a)dr 
a 


=2 [p,log(r/ajdr .... 4) 


Now consider the significance of the left-hand side. 
Division by b log(b/a) gives us the potential gradient 
(¢v—¢a)/b log (b/a) at the anode of the empty diode, 
while (0@/@r)» is the actual potential gradient at the anode 
when space charges p are present. The difference, with the 
sign changed, gives the charge induced electrostatically on 
unit area of the anode x 4z, that is, it gives the induced 
charge per unit length x 2/b. Thus the equation is 
(reversing the signs) 


~ (gv — 9a)/ { b log(b/a) } + (2¢/ary = 2q,......... (5) 
b 


where g, = — [piv dr, with v = log (r/a)/log(b/a) 


When q, varies with time t, it gives rise to the induced 
current (reckoned positive in direction of electron flow) 


b 
tea = dq,/dt = — (pdr) dufdt ........ 0.0.08. (6) 
. 
MM SS. AO ae (7) 
: 
ete aap rie ahaa Meee see (8) 
a 
Where i, = electron convection current --p,dr/dt 


reckoned per unit length, and wv is the ‘cold potential 
function’ log(r/a)/log(b/ a). 
2.—POTENTIAL FUNCTION APPROPRIATE TO THE CALCULATION 
OF INDUCED CHARGE 

Let us now leave Y completely open, and apply Green’s 
theorem to the same cylindrical diode as before. We have, 
instead of equation (2) ada(—av/ar)a + bd» (AW/ary + 
a, (¢/dr)a— bn (0¢/ar» = 


h 


= — | drafar(rag/any + fdr roA*y .......... (2a) 
a a 


Integrating by parts the right-hand side of this gives 


b 
loray/ar—preo/ar| . + fdr(rag/aray/ar) — 
a bh 


far(row/ar ag/ ar) 

a 
the first two terms of which cancel the four terms on the 
left-hand side of equation (2a) while the last two add up 
to zero. We get no information this way except that 
Green’s theorem is satisfied for all scalars y, » having 
radial symmetry. If, however, we specify that ~, what- 
ever its value, shall be the function appropriate to the 
induced charge, then some information can be gleaned. 
First we take both @a, ya to be zero (no loss of generality 
involved here). Secondly, write a/ar (ra¢/ar) = p, where 
p.dr is the charge per unit length of cylindrical shell of 
thickness dr and obtain ; 


b { oo(ap/ ar)» ~ Yv(Ao/ Ar) 
b bh 
= f2ptdr + foa/ar(ray/ardr 


Now since, by hypothesis, y is the function appropriate 
to the calculation of induced charge, the latter will satisfy 
the condition 





* p, and p carry their own signs. 
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b 
(ap/aryo = fdr (—2p,Y)/by» + (Eon eee eee eens (3a) 
\ya 
where (E>) is the cold field at the anode, and yy» has te 
be placed as shown in order that the cylindrical element 
2p,dr shall, when very close to the anode, induce an equal 
and opposite (hence negative sign) charge thereon. Divi- 
sion by 2z7b converts the induced charge per unit length 
(the integral term) to surface density of induced charge. 
Comparing equation (2b) with equation (3) we find 
b 


— b(gay/er)) + DWE.) = - oa or) (raw/ ar) dr 


b a 
= —(grdp/ er)» + [r(av/er) (e@/ar) dr 
b » b 
or bye(Eso = {r(aw/arv(ao/er) dr = [r(ep/ardp .... (4) 


But (E.)» is known to have the value 


(Ev = od [a/ar{log(r/a) }},log(b/a) = ¢v/b log — 
CARA ORRIN a 


! 5 b 
Thus yo@v/log(b/a) = [ or oe = [oa/arlray/ar) dr 

SF tee Oe e (4b) 
This equation is seen to be satisfied if y satisfies Laplace’s 


equation. Thus, a sufficient condition that the equation 
be satisfied is 
y= { yo/log (b/a) \log(r/a) ROS Me (5) 


where y» would obviously be taken as unity. In order to 
try and ascertain whether the condition is also a necessary 
one, let y differ from the above quantity by the quantity 
ve which (as will presumably be produced as the result 
of space charge P) then satisfies 

b 


0 = [od/ar(rave/ar) + b@be/arn ov 


b 
= Jr(a/ar) we . do, for da zero 
a 
Now ¢> 0 over the vast majority of the range a>b 
under typical operating conditions. Hence for the integral 
to vanish (2/ar)vp would either have to vanish or be nega- 
tive over part of the range and positive over the rest. 
Consider the latter possibility and, to simplify investi- 
gation, take a very simple expression for @ namely 
ov(r—a)/(b—a). Then do = grdr/(b—a). We then re- 
quire to find a value for wp other than zero, which satisfies 
h h 
[r(ave/aridr = f(x+a) (ave/ax) (ax/arydx 
where x = r—a 
Try vp = (ax + Bx’? + ..) 
ave/ax = (a + 28x + ..) 


Sr inetieosinn Bom (6) 


0 = 


Condition is 
b-a - 
0= f +a) (a + 28x) dx 
oO 
= [a(4x? + ax) + 28 Gx* + fax? + ..)].?* 

Hence aa = 0, and since ao this means oa = 0. 
Similarly 4a + a8 = 0, which leads to 8 = 0. 

Thus all coefficients a, 8, .. in an assumed power series 
expansion for yp turn out to be zero. We thus infer that 
vr =0 and that equation (5) is both necessary and sufficient. 

For planes, condition corresponding to equation (4), sec- 
tion 2 is 


d 
g/d = lv (x/d) o’ (x) dx, 


satisfied alone by wW’ (x/d) = 1/d. Thus Y(x/d) = x/d, as 
used in accepted treatments of the plane case. 
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Short News Items 


Cable and Wireless Ltd announce 
that two Canadian youths will join their 
Engineering School at Porthcurno, Corn- 
wall, in January next. They will be the 
first two students chosen from appli- 
cants from Canadian high schools to 
undergo an_ eighteen’ months’ all- 
expenses-paid course in telecommunica- 
tions engineering under a new scheme 
financed by the Canadian Overseas Tele- 
communication Corporation. If the 
experiment is successful it will be 
repeated annually for the next five 
years. On completing their training 
successfully and passing their final 
examinations, the students will join the 
permanent engineering staff of the Cor- 
poration at one of its offices in Mon- 
treal, St. John’s (Newfoundland), Halifax 
(Nova Scotia), or on the Canadian West 
Coast. 


The General Electric Co Ltd is to 
supply microwave radio relay equipment 
to carry television programmes in 
Canada between London and Windsor, 
Ontario. The order has been obtained 
by the Canadian General Electric Co Ltd 
the main contractor for the scheme, 
jointly from Canadian National Tele- 
graphs and Canadian Pacific Telegraphs. 


The Northern Polytechnic, Depart- 
ment of Telecommunications Engineer- 
ing. are holding three new courses, 
commencing on 27 September, to assist 
present television servicing engineers in 
the understanding of aerial and 
receiver problems in connexion with the 
introduction of band III television and 
F.M. broadcasting. Approximately 50 
per cent of each course will be devoted 
to lectures and the remaining time to 
practical experiments and measurements 
on current television and F.M. receivers. 
Full details and enrolment forms, which 
must be completed by 7 August, may be 
obtained from the Northern Polytech- 
nic, Department of Telecommunicaticns, 
Holloway, London, N.7. 


The British Th Houston Co Ltd 
announce that a third contract for 
Mobile Fire Control Radar, Type A.A. 
No. 3 Mk7, valued at $5 700000 
(£2 020 000) has been placed with them 
by the U.S. Army European Head- 
quarters Command. This brings the 
total value of the three orders to over 
$14 000 000 (£4 975 000). 





The British Instrument Industries 
Exhibition next year will be held at 
Earls Court from 28 June to 9 July. The 
response from exhibitors has more than 
justified the decision when it was agreed 
to select Earls Court, where all stands 
are to be sited on the same floor. 


Mr. John Clarricoats, for the past 24 
years general secretary of the Radio 
Society of Great Britain and, since 1945. 
a member of the Southgate Borough 
Council, has been elected an Alderman 
of that Borough. 
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Solartron announce that, as the next 
stage of a planned programme of 
expansion, they are forming a_ holding 
company, to be known as the Solartron 
Electronic Group Ltd. This company 
will co-ordinate the overall activities of 
the existing companies, Solartron Labora- 
tory Instruments Ltd, and _ Solartron 
Engineering Ltd, together with a new 
company to be known as _ Solartron 
Research and Development Ltd. The 
holding company will have responsibility 
for joint administrative services, and all 
sales and purchasing functions for the 
member companies of the group. 


Johnson, Matthey and Co Ltd have 
joined the aeratioenl Telex service, at 
present providing direct foreign tele- 
printer communication and to. be 
extended later this year to include trans- 
missions within the United Kingdom. 


The Plessey Co Ltd announce that a 
new division has been established, to 
be known as the Swindon Components 
Division. It will be responsible for the 
development, manufacture and sale of 
electrolytic and paper capacitors and 
moulded track potentiometers. Mr. O. 
G. Cox, previously in an_ executive 
pesition in the Components Division at 
Ilford, has been appointed general 
manager. The address of this new 
division is, The Plessey Co Ltd, Swindon 
Components Division, Kembrey Street. 
Swindon, Wiltshire. 


Pye Canada, in competition with other 
manufacturers, have received an order 
for a large quantity of radio telephone 
equipment from the Highways Branch 
of the New Brunswick Department of 
Public Works. This is a province wide 
scheme on 152-174Mc/s to provide com- 
munication to snow ploughs and other 
road maintenance vehicles, plus a 
separate point to point network on 
72-76Mc/s. 


The Fourth Annual Eastern Joint 
Computor Conference and Exhibition 
will be held in the Bellevue-Stratford 
Hotel, Philadelphia, from 8-10 Decem- 
ber. The theme of the conference, which 
is jointly sponsored by the American 
Institute of Electrical Engineers, The 
Institute of Radio Engineers, and the 
Association for Computing Machinery, 
will be “Design and Application of 
Small Digital Computors.” Further par- 
ticulars may be obtained from Mr. R. G. 
Lex, chairman, Publicity Committee. 
Leeds and Northrup Company, 4901 
Stenton Avenue, Philadelphia 44, Pa. 
U.S.A. 


Mullard Ltd, in accordance with their 
policy of providing valve users with 
comprehensive technical information on 
valve applications, have designed a five 
valve, ten-watt high quality amplifier 
circuit. This circuit enables the fullest 
advantage to be taken of the latest 
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Mullard audio valves and will help 
home constructors and equipment manu- 
facturers to build a high performance 
amplifier at a comparatively low cost. 


Gresham Transformers’ Ltd have 
recently conducted considerable research 
into the design of transformers to US, 
specification incorporating materials 
made in this country. This has been 
necessary in order to implement the 
policies of the North Atlantic Treaty 
Organization where new problems of 
standardization have had to be solved, 
ranging from major equipment down to 
small components, 


Pye Ltd of Cambridge have developed 
a new miniature television camera which 
was used recently at the inaugural meet- 
ing of the British Association of 
Pediatric Surgeons when about 100 
surgeons from all over the world 
watched a series of operations on tele- 
vision at the Hospital for Sick Children, 
Great Ormond Street, London, The new 
camera is designed for use in all 
branches of industry. particularly for 
remote viewing of dangerous or in- 
accessible processes. The weight of the 
camera is only 30lb. 


The Seventeenth French Radio and 
Television Exhibition, organized under 
the auspices of the National Federation 
of the Radioelectric and _ Electronic 
Industries will be held from 2 to 12 
October at the Musée des Travaux 
Publics, Place d’Iéna, Paris. 


Standard Telephones and Cables Ltd 
will be exhibiting equipment at the 
British Trade Fair to be held in Baghdad 
from 25 October to 8 November. 


Hilton Electric Company Ltd are now 
manufacturing a range of a.c. solenoids 
designed for industrial applications 
where efficiency, reliability and compact- 
ness are of paramount importance. These 
solenoids are supplied for operation on 
any voltage from 6-600V a.c. giving a 
linear pull or push up to I}in with a 
maximum continuously rated power of 
7lb. A laminated silicon iron magnetic 
circuit with shaded pole faces ensures 
silent operation and the riveted steel 
frame. assembly provides for side or 
back mounting within a little over a 
2in cube. 


Errata. The following amendments 
should be made to the article, “ A Sim- 
plified Circuit and Conductimetric Tube 
for Chemical Analysis at  Low- 
Frequency ” by . G. Blake which 
appeared in the July issue. 

In the summary on page 316, line 2. 
for “ operation” read “ operator ” 

Page 317, clause (3), for “0-1/42” 
read “0-:1/4A” 

Page 317, second column, line 10, for 
“4-18mm*” read “* 4:16mm*”. 
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Bel rens. TO 


THE EDITOR 


(We do not hold ourselves responsible for the opinions of our correspondents) 


Frequency Shift Diplex 

Dear Sik,—The keying distortions des- 
cribed in the article by S. C.- Heward 
in the June issue can be, as the author 
mentions, overcome by synchronizing the 
two sets of signals. 

Some twenty years ago I brought out 
a p.c. diplex system in which the two 
tape controlled transmitters were mechan- 
ically coupled together so that the signals 
were in phase. If the two signal sources 
were received over separate lines, these 
were equipped with receiving perforators 
to furnish the two tapes. 

About the same time F. G. Creed used 
the same idea for a diplex system in 
which the voltage on one channel was 
three times that of the other. When 
manually operated this system was liable 
to signal distortion of the type shown in 
Fig. 4 of the article. When however 
tape controlled transmitters coupled to- 
gether were employed, this form of dis- 
tortion disappeared. 


Yours faithfully, 
H. H. Harrison, 
Ewell, Surrey. 


In reply : 

Dear Sir,—Perhaps you would permit 
me to reply to Mr. Harrison in the ab- 
sence of the author, Mr. S. C. Heward, 
who is abroad. 

Mr. Harrison’s letter on the question 
of synchronization in the Frequency 
Shift Diplex System is of great interest, 
and the writer remembers very well the 
D.c. system which Mr. Harrison brought 
out. 

Frequency shift diplex systems have 
been operated with synchronized five-unit 
transmitters, synchronization being 
achieved by using a common driving 
motor with a consequent reduction of 
distortion. In practice, however the two 
channels are often controlled from quite 
different telegraph offices and used for 
different purposes; the introduction of 
synchronization would mean a tape relay 
at the terminals of the radio circuit. This 
would increase the technical complica- 
tion and operating costs. As the distor- 
tion is not excessive, synchronization is 
not usually considered worth while. 

_In some cases the channels may carry 
different forms of signalling and it is not 
unusual to have high speed morse opera- 
tion on the first channel with start-stop 
five-unit working on the second channel. 

Thus, although I agree with Mr. Har- 
rison that synchronization is technically 
preferable, in practice the flexibility ob- 
tained through operating the channels 
independently is normally an over-riding 
‘consideration. 


Yours faithfully, 


A. W. CoLe, 


Marconi’s Wireless Telegraph 
Co., Ltd. 
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D.C. Amplifiers 


Dear Sir,—lIn their valuable review of 
D.c. amplifiers, Messrs. Yarwood and Le 
Croissette’ mention the use of mean level 
feedback in push-pull amplifiers. I 
should like to draw attention to an un- 
welcome feature of these circuits, which 
renders their utility open to question. It 
is that mean-level feedback increases the 
non-linear distortion of the push-pull 
input-output characteristic. 

The explanation of the phenomenon 
is that there is a hidden push-pull feed- 
back, which may be traced as follows. 
Suppose a push-pull signal is applied to 
the input stage. This results in a push- 
pull output from the output stage. If 
the output stage is not perfectly balanced, 
it also results in a change of mean-level 
of the output, (i.e. in a “ push-pull ” out- 
put). If mean-level feedback to the first 
Stage is incorporated, there is conse- 
quently a change of push-pull input to 
the first stage. If the first stage is not 
perfectly balanced, this produces a push- 
pull output from the first stage. This 
output thus constitutes a form of spurious 
signal feedback (not to be confused 
with the intentional push-push feed- 
back). The feedback may be positive 
or negative according to the rela- 
tive signs of the unbalances in the first 
stage and output stage. Indeed, since 
unbalance is affected by small non- 
linearities in each half of a push-pull 
stage, the feedback may change from 
positive to negative over parts of the 
output range. Such changes can make 
for gross non-linearity of the resultant 
input-output characteristic, especially 
when the forward gain of the amplifier 
is high. 

The effect becomes emphasized when 
the output stage is driven nearly into 
saturation since its sign of unbalance will 
depend on which valve shows more 
saturation, and this in turn depends on 
the sign of the output signal. In fact 
an amplifier I hopefully made some years 
ago, having mean-level feedback over 
three push-pull stages, showed instability 
(D.c.) at one end of its characteristic and 
very poor sensitivity at the other. 

The most that mean-level feedback 
can do is to reduce the push-push gain 
of the amplifier to about unity. Yet 
the same result can be achieved by the 
alternative method of designing each 
stage to have a push-push gain of about 
unity, i.e., using long-tailed pairs with 
sufficiently large cathode resistances). 
Can we not, therefore, dismiss mean-level 
feedback as being, at best, a redundant 
technique ? 


Yours faithfully, 


A. T. FULLER 
Godalming, 
Surrey. 
REFERENCE 


1 YaRwoop, J. and Le Croissetre, D. H., D.C 
Amplifiers. Part 3. Electronic Engng., 26, 114 
(1954). 
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The authors reply : 


Dear Sir,—Mr. Fuller is correct in 
showing that there is a path through the 
amplifier causing positive or negative 
feedback according to the relative signs 
of unbalance in the two stages which are 
acting as links in the feedback chain. In 
order to determine whether the effect 
which he mentions is sufficiently great to 
warrant the dismissal of 100 per cent 
mean level feedback as redundant, it is 
advisable to consider the value of the 
amount of unbalance which is normally 
found in such an amplifier. 

Balanced directly coupled amplifiers 
are usually built with selected valves and 
balancing controls are fitted in the anode 
circuit. The balance control may be 
adjusted until, with no input, the poten- 
tial difference between the two anodes is 
zero. This adjustment means that the 
ratio of the potential divider formed by 
the anode load of the first valve and the 
direct current resistance of that valve is 
accurately set to equal the corresponding 
ratio for the second valve. Any small 
change in the H.T. potential to the stage 
will produce a change in voltage which 
will be the same at both anodes. Since 
the input voltage to such an amplifier is 
generally low and the two valves are 
initially well matched, any second order 
effects creating unbalance may _ be 
neglected in comparison with the inaccu- 
racies in setting the balancing control. 
This adjustment may be varied as the 
valves age. 

The in-phase voltage produced between 
the anodes of the output stage is not com- 
pensated for by adjusting the anode loads 
since this procedure does not take into 
account any unbalance in the valve para- 
meters determining the amplification in 
the stage. 

The product of the out-of-phase gain 
through the amplifier and the reduction 
in the signal due to passing through the 
two stages slightly out of balance, must 
be appreciably less than unity in order to 
be able to neglect the feedback. It can 
be seen that this condition will not be 
satisfied when the amplifier gain is high 
(greater than 10* say) and the valves in 
the output stage are not well matched. In 
this case, as Mr. Fuller says, discrimina- 
tion against in-phase signals is best 
achieved by designing each stage to have 
a low in-phase (or push-push) gain. 

In the more simple low-gain amplifiers, 
however, 100 per cent mean level feed- 
back may surely still be justified? Good 
discrimination against in-phase signals 
can usually only be provided in each stage 
by the use of a common cathode resist- 
ance of high value, used in conjunction 
with a very stable negative bias supply. 
This complication may be avoided by the 
simple connexion providing mean ‘level 
feedback. 


Yours faithfully, 
D. H. Le CROoISsSeETTE,* 
J. YARWOOD, ft 


* The Physics Department, The University of 
Southampton. 


+ The Mathematics and Physics Department, The 
Polytechnic, London, W.1. 
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ELECTRONIC EQUIPMENT 


A description, compiled from information supplied by the manufacturers, of new components, 


Infra-red Spectrometer 
(Illustrated below) 


if wes main feature of the Mervyn spec- 
trometer is the manochromator which 
consists of a Merton-N.P.L. grating which 
is considerably cheaper to produce than 
the more conventional optical systems. 
The source is a Nernst filament, the light 
output of which is interrupted 800 times 
per second. A filter is used to absorb 
unwanted orders and a lead selenide cell 
is used as a detector. 

A high gain amplifier followed by a 
special correiation detector and an ad- 
justable integrator network combines 
adequate sensitivity with a control of 
signal-to-noise ratio at the output. 

A high order of overall long term and 
short term ‘stability for quantitative 


measurement, comparable with that of a 
null method balanced double beam spec- 
trometer is obtained on this instrument by 
means of a novel and patented system of 
By this system the light 


compensation. 





output from the source is continuously 
monitored through the detector and the 
gain of the amplifier is adjusted auto- 
matically so that variations in output of 
the source, the sensitivity of the detector 
or drifts in the amplifier characteristics 
appear as negligible variations in the out- 
put. 

The normal scanning range is 2°8 to 
3u with provision for locking at one 
wavelength for control work. 

Mervyn Instruments, 
Copse Road, 
Woking, Surrey. 


Field Strength and Radio Noise 
Measuriag Equipments 
(illustrated above right) 


ARCONI Instruments Ltd can now 

supply two alternative equipments 
for the quantitative measurement of both 
transmitter and noise field strengths, types 
TF 1054 and TF 1055. These two equip- 
ments, each supplied mounted with its 
own A.C. power pack, are virtually identi- 
cal with the exception of the essential 
internal differences occasioned by their 
respective frequency ranges: Type TF 
1054 covers from 0-15Mc/s to 2°4Mc/s 
with an intermediate frequency amplifier 
operating at 100kc/s, while type TF 1055 
covers from 2-4Mc/s to 30Mc/s with an 
LF. of 1-6Mc/s. Each receiver is sup- 
plied complete with the necessary loop 
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accessories and test instruments. 





and rod aerials, aerial coupling unit and 
aerial supporting tripod, and — 
an input attenuator, two R.F. stages, a 
local oscillator and mixer, a multistage 
LF. amplifier with attenuator, and a 
diode detector followed by a moving coil 
output indicator. Gain standardization 
is obtained by reference to the output of 
a saturated noise-diode. 

In the design, particular attention has 
been paid to the maintenance of a speci- 
fied bandwidth over the whole frequency 
range, so obtaining freedom from spuri- 
ous responses, and to the provision of 
adequate overload factors to cater for 
random noise pulses of large amplitude. 

Marconi Instruments Ltd, 
St. Albans, 
Hertfordshire. 


Polarograph 
(Illustrated below) 
HE Polarograph Minor is another 
addition to the range of the Tinsley 
polarographs and has been introduced to 
meet the demand for a less expensive 
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instrument for use where the volume and 
scope of the analytical work does not 
warrant the outlay for the larger record- 
ing instrument. 

Although non-recording, the Minor 
retains many features of the larger mode] 
including the derivative circuit: this in- 
clusion is made possible by the use of a 
motor-driven potentiometer, and the 
Minor is claimed to be the only non- 
recording polarograph to have this im- 
portant circuit. The derivative circuit is 
used to identify substances which fall 
close together on the potential scale, by 
giving more distinct readings and hence 
increasing the sensitivity of the method. 
With this polarograph it is possible to 
detect changes in current of 100 micro- 
microamperes; this amplification is 
achieved without the use of any therm- 
ionic valves or additional attachments. 


Evershed and Vignoles Ltd, 
Acton Lane Works, 
London, W.4. 


4) 





Meter Tester 
(Illustrated above) 
Bena instrument is designed to test 


meters for any “stickiness” in the 
movement. 

On joining the meter to the test 
terminals, a small backwards current 
flows, to take the needle to a slightly 
negative reading. Then, on pressing the 
button, the meter current rises to full 
scale and then returns to the start. The 
rise of currentiscompletly smooth. Thus, 
if there is the slightest hesitation in the 
motion of the needle the operator can be 
perfectly sure that there is a tendency to 
stick at that point. Three speeds are 
fitted, to cover the meter scale in 10, 30: 
and 100 seconds. Naturally, the slower 
the motion the finer is the test. The 
recommended speed is 30 seconds for all 
normal meters. The maximum current 
is 10mA and the maximum voltage is. 
100V. 

When testing numbers of meters, one 
can join a whole batch at once to the 
tester and set a switch to REPEAT. Now, 
the test cycle is continued indefinitely, so 
the operator can look at each meter in 
turn without having to restart the tester. 


Servomex Controls Ltd, 
Crowborough Hill, 
Jarvis Brook, Sussex. 
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Television Signal Generator 
(Illustrated below) 


HE Radar television signal generator 

type 405 is a portable instrument 
which provides both sound and vision 
aF. signals for injection into the aerial 
socket of a receiver, the complete video 
signal also being available for connexion 
to the video stage. The generator covers 
all channels in Bands I and III and tuning 
is continuously variable over each band. 
Sound and vision carriers are independ- 
ently tuned and may be used simultan- 
eously. The output of the combined 
signals is continuously adjustable by a 
variable output attenuator over the range 
of 10uV to 10mV. The video modula- 
tion allows a choice of patterns affording 
facilities for the rapid checking and ad- 
justment of line and frame hold, picture 
width and height, linearity and contrast 





gradation. Fine vertical rulings with a 
short time-rise allow “ ringing ” and over- 
shoot to be checked. A plain raster with 
correct blanking is available at peak 
white or black level enabling the inter- 
face to be readily inspected. The syn- 
cronizing waveform is to BBC standards 
with correctly interlaced frame sync. The 
half-line pulses and the correct front and 
back porches are included. 


Waveforms Ltd, 
Radar Works, 
Truro Road, 
London, N.22. 


Mercury Switch Relay 
(Illustrated above right) 


N the Tiltray relay the mercury 
switches are mounted in a pivoted tray 
and the relay is designed so that the heavy 
weight of the switches is operated very 
smoothly without over-critical adjustment 
of the operating power. Controlled 
acceleration gives splash free movement 
of the mercury so that even highly induc- 
tive circuits can be switched without any 
difficulty. The maximum _ switching 
‘capacity is 3-pole 60A. The coil con- 
sumption js 5 to 1SVA a.c., or 0:5 to 
2W pe. 
Besson and Robinson Ltd, 
6 Government Buildings, 
Kidbrook Park Road, 
London, S.E.3. 
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Automatic Voltage Regulator 
(Illustrated below) 


HE Airmec type P.857 S5kVA auto- 

matic voltage regulator is designed to 
provide a constant output voltage inde- 
pendent of mains supply fluctuations and 
changes in load current. Providing the 
operating range of the equipment is not 
exceeded, the output voltage is unaffected 
by variations in load, load power factor 
or normal changes in frequency. 

The equipment consists essentially of 
an auto-transformer, the ratio of which 
is varied by means of motor-driven 
brushes. Automatic control is effected 
by two thyratron-operated relays which 
control the supplies to the motor, the 
thyratrons being triggered by a voltage 
sensitive circuit. 

A special feature of the equipment is 
that it may be controlled by low-value 
external a.c. or D.C. signals instead of 
the normal output voltage. Hence alter- 
nating voltages derived from step-up or 
step-down transformers or a D.c. output 
of a rectifier circuit may be stabilized. 

The stabilized output voltage may be 
adjusted by means of a preset control to 
any value between 210 and 240 volts 
providing the input voltage variations lie 
within the range of the input tappings. 
If desired the automatic control may be 
disconnected by operation of a switch on 
the front panel and the output controlled 











manually by means of two push-buttou 


switches, 
Airmec Ltd, 
High Wycombe, 
Buckinghamshire. 


Multiple Strip-Connectors 
(Illustrated below) 


HESE multi-way strip connectors are 

designed for the direct interconnexion 
of chassis and sub-assemblies. They are 
manufactured from top grade Bakelite 
sheet, with rolled butt-jointed hollow pins 
for tip-soldering and fully floating self- 
aligning sockets with integral solder tags. 





Both pins and sockets are electrolytically 

tinned. They are available in 3, 4, 5, 6, 

8, 10 and 12-way models. The maxi- 

mum continuous current rating is SA per 

ole. 

r A. F, Bulgin and Co., Ltd, 
Bye Pass Road, 
Barking, Essex. 


Lightweight Transceiver 
(Illustrated below) 
HE Venner Transceiver is an entirely 
self-contained transmitter and re- 


ceiver, operated from small dry batteries, 
which has been developed by Venner 





i 


Electronics Ltd to meet specific industrial 
requirements. With an aerial of approxi- 
mately 50ft it has a useful range of 5 
miles. 

One of the first uses of this new pro- 
duct will be for the inter-communication 
of barges on the Dutch canal system. 

Transmission is by hand microphone 
with switch depressed, normal conversa- 
tion level giving adequate modulation. 

Receiving, normally by loudspeaker, 
can be taken by headphones, which when 
plugged in, automatically mute the loud- 
speaker. 

The complete unit measures 12}in by 
8tin with a depth of 9in and weighs 231b. 


Venner Electronics Ltd, 
New Malden, 
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Industrial Electronics ‘ 


By R. Kretzmann. 227 pp., 266 figs. Demy 
8vo. Philips Technical Library, Holland. 
Elsevier Press, Inc., New York. Cleaver Hume 
Press, London. 1953. Price 25s. 
Loe book is written primarily around 
Philips’ practice, both as regards 
valves and apparatus. There is no ob- 
jection to this provided the fact is made 
clear, but the preface leads the reader to 
expect a more comprehensive account. 
The work does not present a truly general 
treatment, and many details described are 
at variance with the practice of other 
manufacturers. 

In the 227 pages of text, the book 
accommodates a wide variety of subjects 
including electronic relays, counting cir- 
cuits, rectifiers, dimmers, welding control, 
motor control, and H.F. heating of metals 
and dielectrics. In addition there is a 





ELECTROPHYSIOLOGICAL 
TECHNIQUE 


By C. J. Dickinson, B.A., B.Sc. 
(Magdalen College, Oxford) 


Price 12/6 

(Postage 6d.) 
The author describes the use 
of electronic methods as 
applied to research in 
Neurophysiology. Chapters 
are devoted to amplifying, 
recording and stimulating 
techniques used in physiology 
and medicine (e.g. electro- 
cardiography, electro- 
encephalography, etc.) 


Order your copy through your bookseller 
or direct from 








Electronic Engineering 


28 ESSEX STREET, STRAND, W.C.2 








chapter devoted to small and high power 
valves and cathode-ray tubes. The 
treatment is thus necessarily condensed, 
and it is unfortunate therefore that there 
has been an injudicious choice of a full 
page of reproduction photographs which 
have little direct bearing on the industrial 
application of valves. 

_The book can be recommended pro- 
vided only it is supplemented by other 
sources of information. Some loose 
wording is noted in several places, as for 
instance under “ rectifier circuits’ where 
the statement is made that with a recti- 
fier having a _ capacitor-input filter, 
“.... the current flow is distributed over 
the whole cycle.” Also the accompany- 
ing diagrams showing ripple for various 
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BOOK REVIEWS 


rectifier connexions are manifestly incor- 
rect, and may puzzle the careful reader. 

The book deals briefly with saturable 
core reactors, a desirable feature in view 
of the close associaion between elec- 
tronics and magnetic amplifiers. Unfor- 
tunately from the text on page 117 and 
the diagram on the preceding page, it is 
evident that the author does not under- 
stand the mode of operation of the satur- 
able reactor as now commonly used in 
magnetic amplifier circuits. The fact 
that the saturated core gives a “ gating” 
action somewhat analogous with that of 
a thyratron, is entirely omitted. 

Electronic motor control is dealt with 
at some Jength and some applications are 
briefly described. While some useful in- 
formation is given, there is a notable lack 
of information with regard to the causes 
and prevention of “hunting.” The 
author’s use of the word “ stabilizing ” 
to indicate the achievement of accuracy 
of control is unnecessarily confusing 
having regard to the fact that in this art 
“ stabilization” is quite generally ac- 
cepted as meaning prevention of hunting. 

The treatment of high frequency heat- 
ing and the accompanying application 
photographs are at a much better level 
than the rest of the book. 

Many readers will find it difficult to 
agree with the terminating paragraph in 
the book that “the books of Philips’ 
Technical Library are on a rather high 
level.” 


A. L. WHITELEY. 


Electronics—Physical Principles and 


Applications 
By A. O. Williams. 306 pp., 192 figs. Demy 
8vo D. Van Nostrand Co., New York. 


vo. 
— & Co., Ltd., London. 1953. Price 


HIS book is intended to form the 

basis for a short course on electronics 
for students specializing in other sciences. 
As such, it describes the uses of elec- 
tronics as a tool rather than as an art 
in its own right. 

Based on the properties of static and 
current electricity the circuit elements 
necessary for the development of elec- 
tronics are described. Interwoven with 
this description the thermionic valve is 
introduced and the design and analysis 
of D.c. and a.c. amplifiers, Further chap- 
ters describe the generation of oscilla- 
tions by means of valves, the techniques 
available for the transmission of inform- 
ation and the mathematical treatment of 
electromagnetic waves, both guided and 
free. In the final chapters, a broad view 
of physics is taken and the uses of elec- 
tronics in many diverse fields are des- 
cribed. Two chapters are devoted to 
radiometric and spectroscopic measure- 
ments, while the two concluding chapters 
deal with the manipulation of electron 
and ion beams with special reference to 
the generation of high energy particles. 

The book contains a good selection of 
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diagrams and illustrations and in addi- 
tion numerous arithmetical examples of 
an essentially practical character. 

Tne early part of the book describing 
electronic methods in general is on the 
whole rather more satisfying than the 
later part. In the latter a wide survey 
of practical applications is compressed 
into a very small space. It might be that 
the object of the book would have been 
better achieved by describing fewer ex- 
perimental applications rather more 
fully. 

In one or two places, the excellence of 
the illustrations is marred by an unfor- 
tunate handling of the subject matter. An 
instance of this occurs in a diagram of 
the performance of a diode demodulator 
for amplitude-modulated waves. Here 
justified diagrammatic exaggeration is so 
carried out that the result has lost much 
of the significance that could have been 
given to it. 

Again, diagrams of the appearance of 
amplitude-phase- and frequency-modu- 
lated waves are shown, but by choosing 
a modulating waveform which is different 
in all three cases the full significance of 
the comparison is lost. One cannot help 
feeling that if this diagram had been 
more carefully constructed the author 
himself would not have described as fre- 
quency modulated a wave referred to 
later on (constructed by vector addition) 
which could better be described as phase 
modulated. 

In a book of this broad intent it is 
inevitable that some sections should ap- 
peal to a particular reader more than 
others, but in the main this volume 
covers the ground intended well. 


H. A. DELL. 


Rotating Amplifiers 
By B. Adkins, A. W. Blackhurst, E. A. Binney, 
K. F. Raby and A. L. Whiteley. Consulting 
Editor: M. G. Say. 152 pp., 62 figs. Demy 8vo. 
George Newnes Ltd. 1954. Price 17s. 6d. 

HIS book is a co-operative effort of 

which the aim is to present informa- 
tion about the theory, maintenance, test- 
ing, applications and elements of design 
of the more important types of cross- 
field machines used for regulating 
purposes, namely the Amplidyne-Meta- 
dyne, the Magnicon and the Magnavolt. 

The sections on_ the _ individual 
machines are preceded by a chapter on 
cross-field machine theory and followed 
by chapters on elementary control theory 
as it applies to these machines and on 
their industrial applications. 

In the chapters on the individual 
machines the authors—perhaps not un- 
expectedly, since they represent the 
manufacturing companies involved— 
sometimes tend to boost their own pro- 
ducts. One rather glaring instance occurs 
in the chapter on the Magnicon (which 
incidentally lacks the lucidity of the 
others), where we are told that, because 
the total current carried by each slot is 
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the same round the machine periphery 
“armature heating is uniform round the 
machine . . . and hence the cooling is 
very efficient.” Surely in any other 
machine, say the Metadyne, the non- 
uniformity of spatial current distribution 
is averaged out as far as conductor heat- 
ing is concerned by the rotation of the 
armature? 

There is also some non-uniformity of 
convention: one chapter shows brushes 
drawn in the physical position, others in 
the “symbolic” position, which cannot 
but be confusing to the layman reader. 

But these weaknesses of team-work, to 
which may be added a tendency to theo- 
retical tautology, should have been 
eradicated by more forceful editing and 
detract only a little from the wealth of 
information given by the individual con- 
tributors. One only wonders in retro- 
spect whether there could not have been 
a chapter on the relative merits of the 
various machines by that rara avis, a dis- 
interested expert. Or would that, to coin 
a phrase, have been to set the pigeon 
among the cats? 


J. M. LayTON. 


The Amplification and Distribution 
of Sound 


By A. E. Greenlees. 300 pp., 115 figs. Demy 
8vo. 3rd. Edition. Chapman & Hall. 1954, 
Price 35s. 

O engineer could fail to be enthusias- 

tic over this work. It bears the 
stamp of the practical expert, who knows 
exactly what his less experienced col- 
leagues need help with. Every para- 
graph is packed with concise information 
and indeed the style of writing is unique 
in that the book consists almost entirely 
of very short, direct paragraphs, 

This lucidity in condensation is an art 
which Mr. Greenlees has in full measure. 
What makes the book so attractive is the 
wealth of information not to be found 
elsewhere and the direct approach to 
every problem. Tests have shown that 
whatever the circumstances, a workable 
answer will be forthcoming. 

Naturally, the whole subject matter 
must be viewed from the P.A. angle, and 
data on high-fidelity equipment is meagre. 
But, since this is to be found in abund- 
ance in other publications, it only 
enhances the value of the contents to the 
P.A. Engineer. 

The drawings are clear and to the 
point, although perhaps Messrs. Wente, 
Neumann and Thuras might stir un- 
easily if confronted with the capacitor 
and moving coil microphone response 
curves on page 125; and there is a curious 
little motif of commas and full stops 
interchanging with each other in sections 
of the book. 

This reviewer has been through the mill 
of maintenance on cables, impedance 
matching and related problems in the 
Motion picture recording field, which 
only serves to underline his appreciation 
of Mr. Greenlees’ countless hints 

The book is unreservedly recommended 
to the practising engineer, in fact it seems 
Ungrateful to suggest that the biblio- 
graphy is scant, haphazard, and gives no 
indication of publishers or dates for the 
books mentioned. 


ALAN DOUGLAS. 
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High Voltage Laboratory Technique 


By J. D. Craggs and J. M. Meek. 404 pp., 
369 figs. Demy 8vo. Butterworths Scientific 
Publications. 1954. Price 65s. 


IGH Voltage Laboratory Technique 

is a book concerned with the genera- 
tion and measurement of high voltages 
and heavy currents, and not with the 
applications of these techniques. It com- 
prises well edited and collected digests 
of papers written by about 500 authors. 
There are in all 702 references, listed in 
groups at the end of each of the eleven 
chapters. Almost every figure in the 
book is reproduced from previously pub- 
lished papers. 

The first two chapters are concerned 
with the generation and stabilizing of high 
voltage direct current. The latter topic 
is especially important when precise and 
measurable high voltages are required 
for experiments in particle physics. Many 
techniques are described for generating 
high voltage b.c. using either rectifiers 
or an electrostatic process. 

The next two chapters, of interest in 
connexion with testing the insulation of 
electrical power plant, describe methods 
of generating high voltage alternating 
current and impulse voltages. A_thor- 
ough survey is made of the many circuits 
for generating high voltage alternating 
current and impulse voltages based upon 
Marx’s original multi-stage generator. 
Factors which affect the impulse wave 
shape are discussed in detail. 

Circuits for generating high current 
impulses are briefly described, but much 
useful information is given about resist- 
ance shunts and magnetic links for 
measuring current impulses. 

The chapter on generating square 
pulses at high voltages surveys the many 
devices which have been developed -prim- 
arily for supplying modulated power to 
very short wave oscillators for radar. 
Although there is some discussion on 
pulse forming “cable” units and 
methods of recurrently charging them, 
the subject is treated mainly from the 
point of view of the discharge switch. 
Spark gap devices, thyratrons, ignitrons 
and pulsators are the types of switch 
which are discussed. 

The final chapters are about measuring 
instruments and techniques for high volt- 
age D.C., Ac., and impulses. Separate 
chapters are devoted to _ potential 
dividers and to high speed oscillographic 
techniques. Much useful data has been 
collected together concerning the break- 
down voltages of various shapes of spark 
gap. The knowledge of critical energies 
at which certain nuclear reactions occur 
can be used to calibrate a high voltage 
scale in nuclear physics experiments, and 
interesting data and references on this 
topic have been presented by the authors. 

There has long been a need for a book 
such as this in English. The problem of 
making such a compilation readable has 
been ably met by the authors, who have 
composed the work of many others 
together with their own comments into 
smoothly running chapters. The book 
is thus suitable as both a manual con- 
taining surveys of various topics and a 
handbook for referring to specific tech- 
niques. 


JoHN D. HARMER 
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Just Published 


APPLIED 
ELECTRONICS 
by 
Truman S. Gray 


Assoc. Professor of Engineering Electronics 
Massachusetts Institute of Technology - 


Second Edition 


374 figures 72s. net. 


881 pages 


ELECTRONICS 
A Textbook for Students 
in 
Science and Engineering 
by 
T. B. Brown 


Professor of Physics : 
The George Washington University 


390 figures 60s. net 





545 pages 
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Keep up-to-date with 
the aid of 


this NEW BOOK 


This new work of reference on 
Permanent Magnets is one of the most 
authoritative available on the subject. 


The purpose of the Book is to help 
YOU to achieve required performances 
at minimum cost, by efficient design 
and use of the 
most appropri- 
ate materials. 


PRICE 10’ 






A Oe ; 
MAGNET ASSOCIATION 


301 GLOSSOP ROAD, SHEFFIELD 10 
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BOOK REVIEWS (Continued) 


Progress in Nuclear Physics 
Volume 3 

Edited O. R. Frisch. j 

Pexgamen Pree. 1953, Brice ser NY 
HIS third volume of the series edited 

& by Professor O. R. Frisch presents 
mine articles which survey varying aspects 
of modern work in nuclear physics. 

_ Two of the sections, “ Stripping Reac- 
tions” by R. Huby, and “ The Collision 
of Deuterons with Nucleons” by 
H. W. Massey, are predominantly 
mathematical in nature, and are outside 
the range of interest of the average elec- 
tronic engineer. 

Two other articles, ‘“ Orientated 
Nuclear Systems,” by Blin-Stoyle, Grace 
& Halban, and “The Annihilation of 
Positrons” by M. Deutsch, are also 
highly specialized, but have a general 
interest in that they demonstrate the de- 
pendence of nuclear physics on progress 
in electronic instruments. This is parti- 
cularly emphasized by the work on posi- 
tron annihilation which involves the 
Measurement of time intervals of the 
order of 10-” seconds. 

The larger part of the volume con- 
tains five sections of more specific interest 
to the electronic engineer, 

M. Snowden gives a succinct account 
of the diffusion cloud chamber, which is 
continuously sensitive, as contrasted with 
the intermittent activity of the more con- 
ventional device. The limited depth of 
sensitivity renders the diffusion chamber 
of more utility in conjunction with high 
energy particle accelerators than in cosmic 
ray work. It is just in this latter field, 
however, that the Cerenkov radiation 
detector, described very fully by J. V. 
Jelley, finds particular application. The 
“electron’s supersonic bang,” as Ceren- 
kov radiation is so graphically described 
in the Editor’s foreword, depends on a 
particle moving faster than the velocity 
of light in the medium, and is emitted at 
an angle and of an intensity which 
depends on the velocity. For work with 
very high energy particles, therefore, the 
Cerenkov detector provides a powerful 
tool, and Dr. Jelley has given adequate 
design data for such devices. 

The measurement of particle energy by 
proportional counters is discussed by D. 
West in a rather complete article. These 
instruments are particularly powerful in 
the low energy field, where their ability 
to give adequate resolution at a few keV 
make them superior to the scintillation 
counter. 

The conduction counter has had a 
rather brief career as an effective tool of 
nuclear physics, being rapidly superseded 
by the scintillation counter for almost all 
applications. The survey by Dr. Cham- 
ion of this instrument does indicate the 
mitations of the device, but appears 
unduly optimistic about future applica- 
tions. 

A most interesting summary of methods 
of producing intense focused ion beams 


BLECTRONIC ENGINEERING 


is provided by P. C. Thoneman. A 
great deal of information is packed into 
this article which is, however, unduly 
condensed for the type of review in which 
it appears. The standard of book pro- 
duction is high, as is the price. 


J. SHARPE. 


Fields and Waves in Modern Radio 


By S. Ramo and J. R. Whinnmery. 576 pp., 84 
figs. emy 8vo. 2nd Edition. Chapman 
& Ltd., 1953. Price 70s. 


HIS book has been a great help to the 

reviewer over the past few years, and 
consequently he found it a pleasure to 
review the second edition. He is con- 
vinced that the aim in the teaching of 
electrical engineering should be to teach 
a method of tackling new problems rather 
than the solutions to the problems them- 
selves. The book is particularly success- 
ful in this respect; it gathers together in 
one volume a vast amount of informa- 
tion on modern electromagnetic theory, 
and presents it in a clear and comprehen- 
sible way which appeals to the practising 
engineer and to the student. 

The principal differences from the first 
edition are the use of rationalized M.K.S. 
units, the introduction of a new chapter 
on microwave networks, and the expan- 
sion of the chapter on aerials and radia- 
tion. The new chapter is useful, and 
much of the network theory worked out 
there is of general application at all fre- 
quencies. The second edition also refers 
to the “Smith” impedance chart for 
transmission lines, but the explanation is 
not as clear as it might have been. 

The book sets out with a chapter on 
wave fundamentals, two chapters on static 
fields, and a really excellent treatment 
of Maxwell’s equations. From _ this 
foundation, it builds up the chapters on 
applied electromagnetic theory, dealing 
with circuit concepts, skin effect, propa- 
gation, guided waves, resonant cavities, 
microwave networks, and radiation, all 
in considerable detail. The authors have 
deliberately avoided reference to practical 
techniques; in a field where current prac- 
tice is changing so rapidly, this seems a 
wise decision. 

The text is well illustrated with charts, 
graphs and diagrams, and the tables list- 
ing the characteristics of various types of 
transmission lines, and various modes of 
waveguide propagation are complete and 
lucid. Unfortunately, the mode nomen- 
clature in rectangular waveguides does 
not conform to common practice in this 
country. For example, Ramo and Whin- 
nery’s TE» mode in rectangular would 
here be known as TEx or Hu. Each 
chapter is well provided with examples, 
and the book is finished off with an ap- 
pendix containing references to a selec- 
tion of textbooks. 


J. W. SUTHERLAND. 
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PUBLICATIONS 


RECEIVED 
PROCEEDINGS OF THE EASTERN JOINT 
COMPUTER CONFERENCE contains papers 


and discussions presented at the joint conference 
sponsored by The Institute of Radio Engineers 
Professional Group on Electronic Computers, 
The American Institute of Electrical Engineers 
and The Association of Computing Machinery, 
held in Washington, in December, 1953. 
Institute of Radio Engineers, Inc., East 
79 Street, New York, 21. Price $3. 


LIST OF U.K. EQUIPMENT CSA APPROVED 
contains the names of manufacturers of electri- 
cally-operated equipment in the United Kingdom, 
with addresses, approved the Canadian Stan. 
dards’ Association. Copies of the booklet, 
which also includes names and addresses of 


di re ives, can be obtained free 
from the I/CSA Approvals Agency, 2 Park 
Street, London, W.1. 





A MATTER OF LIGHT OR DEATH is a 
booklet on better street lighting of special 
interest to municipal lighting engineers, mem- 
bers of local authorities, and all concerned with 
street lighting. The British Electrical Devel 

ment Association, 2 Savoy Hill, London, W.C.2. 


MARCONI INSTRUMENTS 1954 is a catalogue 
of the telecommunication measurement equip- 
ment and industrial electronic instruments manu- 
factured by Marconi Instruments Ltd., St. 
Albans, Hertfordshire. Over 70 different 
equipments are dealt with and a list of asso- 
ciated companies and agents is included in this 
new bound catalogue. 


STAINLESS, CORROSION AND _ = HEAT- 
RESISTING STEELS. In this brochure, com- 
bining both corrosion and _heat-resisting alloys, 
recognition is made of their common basis of 
composition and physical properties. Darwins’ 
special alloys are listed separately according to 
present convention. Other products of the 
Darwins Group are also mentioned. Darwins 
Ltd., Fitzwilliam Works, Sheffield. 


TELEVISION, WHAT THE FUTURE HOLDS 
is a booklet produced by ‘‘ His Master’s Voice 
to answer some of the questions that existing 
and potential televiewers are asking themselves 
at the present time. The booklet is distributed 
through the company’s dealers, or direct to any 
inquirers. The Gramophone Company Ltd., 
Hayes, Middlesex. 


BEAMA ANNUAL REPORT, 1953-54, recently 
published mentions that the electrical industry 
was again the second biggest exporter among 
British industries. In 1953 its exports reached 
nearly £212 million in value, despite fierce 
competition from foreign firms. The report dis- 
cusses the effect of export incentives and 
subsidies operated by continental competitors, 
and states that intense foreign competition for 
export orders must be expected to continue this 
year. The British Electrical and Allied Manu- 
facturers’ Association, 36 and 38 Kingsway, 
London, W.C.2. 


THE RADIO AMATEUR’S HANDBOOK 1954 
is the 3ist edition and contains a considerable 
amount of new equipment in all categories. It 
is the standard manual of amateur radio com- 
munication and has long been considered ao 
indispensable rt of the American amateurs 
equipment. e American Radio Relay League, 
West Hartford, Conn. Price $3. 


VARLEY ACCUMULATORS AND BATTERIES 
describes the advantages of Varley equipments 

sets out the various battery type numbers to- 
gether with their sizes. Varley Dry Accumulators 


| Ltd., By-Pass Road, Barking, Essex. 
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The close tolerances to which JMC 
precision drawn resistance wires are 
manufactured are not easily achieved. 
Only by applied experience and by 
rigorous control at every stage of 


production—from the sizing and 


polishing of the die to the final / 


packaging—are such exceptionally , 


high standards maintained. 


JMC precision drawn resistance wires, 


available in a wide range of materials - 


and diameters and with several forms 
of insulation, cater for every known 
application in modern technical, 
electronic or instrument 


engineering practice. 


One of the Specialised Products of 


Johnson 


Matthey 





JOHNSON, MATTHEY & CO., 
Telephone: HOLborn 6989 _—Vittoria Street, Birmingham, |. Tel.: Central 8004. 


’ 


ACCURATELY 
CONSE Ke) Bee 
RESISTANCE 































Booklet 1440 
“Electrical Resistance 
Materials ’’ gives full 
details of JMC precision 
drawn resistance wires. 
Copies are free on 

request. 


All JMC precision resistance 

wires are supplied packed in 

a plastic capsule that affords 
complete protection. 


LIMITED, HATTON GARDEN, LONDON, E.C.I 
75-79 Eyre Street, Sheffield 1. Tel.: 29212 
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SILICONE 











INSULATION 








in electronic equipment 


Silicone-bonded insulation includes resin- 
bonded glasscloth laminates in rod, tube 
and sheet form that can be machined and 
fabricated ; varnished glasscloth from 0.004in. 
thick; micanite and mica/glasscloth; varnished 
glasscloth and silicone rubber sleevings and 
silicone-enamelled winding wire. Coils are 
impregnated with silicone varnish MS997. 
Silicone insulation will withstand operating 
temperatures at least 50°C. higher than con- 
ventional insulation. Where extreme com- 
pactness of design is necessary, particularly if 
excessive temperature rises are likely, silicone 
insulation is recommended. 


100.000 


10.000 
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DEGREES CENTIGRADE 
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Write for full information to 


MIDLAND SILICONES LTD 
(An associate company of ALBRIGHT & WILSON LTD.) 
19 UPPER BROOK STREET: LONDON : W.1. (Tel: Grosvenor 4551) 





A recent, typical example of a component designed for silicone 
insulation is the power transformer made by Marconi’s Wireless 
Telegraph Co. Ltd. for use in B.B.C. television cameras. These 
transformers are insulated with silicone-bonded materials and 
impregnated with silicone varnish for operation up to 150°C. 
By using silicone insulation the transformers give more power 
per pound weight than with any other form of insulation. 


THIS GRAPH compares the thermal endurance of silicone varnishes. The “ life” 
is based on the hours necessary to reduce the electric strength of varnished glasscloth 
to half its initial value. Measurements were made on strips of heat-cleaned 0.004 in. 
glasscloth. Each strip was dip-coated with the varnish, cured and then dipped and 
cured again to give a finished thickness of 0.007 +0.001 in. 
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—RELAYS— 


SERIES 1265 
SEALED D.c. Operation 


Standard coil voltages 
up to 50 Volts D.C. 












































This relay employs the 
solenoid principle with con- 
tacts operated through a 
lever movement. The bal- 
anced design is an important 
advantage under high accel- 
eration, and the contacts will 
carry 20ampsat24 Volts D.C. 









Two small types for BIG loads 


Both the relays illustrated combine strength with high current carrying capacity, and 
are designed to ensure long, trouble free life. Made from highest quality materials 
throughout, they may be the answer to your switching problem, especially if space 
is restricted. 















SERIES i351 


A.C. Operated ee, pu A™ D.C. Operated 


An exceptionally small relay 
in proportion to the contact 
rating of 15 Amperes, a 
feature is the heavy overload 
it is capable of withstanding 
for short periods, rendering (ae 
it particularly suitablefor such 
applications as starting low 
voltage D.C. motors. Coils are 
available in all standard 
voltages up to 25o0v. 
A.C. and r140v. D.C. 








Telephone Newmarket 3181 


MNCL) te em) Ali lel ee 


NEWMARKET 
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VOLTAGE 
STABILISER 
TUBES 


with low 
regulation voltages 





In order to meet the requirements of designers for stabilisers with very low regulation 
voltages, Mullard have added to their range two new tubes, the 108C1 and 150C2. 
They are particularly suitable for simple stabiliser circuits in which a constant output 
voltage is required over wide variations in input voltage and load current. 


The burning voltages of these new stabilisers are 108V and 150V as indicated by their 
respective type numbers, while the current range is 5 to 30mA in both cases. As shown 
in the table they are directly interchangeable with American stabilisers 0B2 and OA2. 


For applications in which long term stability of burning voltage is paramount, designers 
are, of course, recommended to continue using the well-known stabilisers 90C1 and 150B2. 


Brief technical details of preferred Mullard voltage stabilisers are shown on this page. 
Particulars of voltage reference tubes and more comprehensive information on the full 
range of voltage stabilisers will be gladly supplied on request. 


























. British : Burning Max. | Maximum | Max. Variation 
peony |  secong ‘No. Services Voltage WV) Current Ignition Regulation | of burning voltage 

yP = yP : Type No. | g Range (mA) Voltage (V) | Voltage (V) | during 1,000 hours 
=m a ee es aeens neces eee | | _ae | mer 

90C1 - | _ tee 1 to 40 os | ot 1% 

108C1 | OB2 CV1833 108 5 to 30 130 | 3:5 | 2% 

150B2 cv2225 180 6 to 15 190 50 1% 

150C2 OA2 CV1832 150 5 to 30 180 | 6:0 | 2% 

| 
@uenor Bi 
FS wd 

MULLARD LTD., COMMUNICATIONS & INDUSTRIAL VALVE DEPT., CENTURY HOUSE, SHAFTESBURY AVENUE, LONDON, W.C.2 
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A PROVED RANGE 
OF MULTI-WAY 
PLUGS AND 
SOCKETS WITH 
UNUSUALLY LOW 
INSERTION 
PRESSURES. 











Miatii-way Plugs and Sockets with years of 
experience and application behind them. When specifying these high quality 
components you will be assured of less insertion pressure per contact than any 
comparable product can offer, great versatility, and suitability for humid conditions. 
For rack mounting applications greater latitude in matching up eases the designers 
problem, and the range of 4, 8, 12, 20 and 28 way units will be found to cover 
almost every requirement. Widely used by such manufacturers of high quality 
equipment as: 
























Messrs. Marconi’s Wireless Telegraph Co. Ltd. 
Messrs. Standard Telephones & Cables Ltd. 
The English Electric Co. Ltd. 


Full details will be gladly supplied upon request. 


POWER CONTROLS 


28D 
PHONE: NEWMARKET 3181 





EXNING RD., NEWMARKET 
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; Ly. Yppotn lmenl lo Mh 2 Professional Enyinere. : 


ATTENUATORS - FADERS STUD SWITCHES AND TOGGLE SWITCHES 

WIREWOUND POTENTIOMETERS « HIGH STABILITY CARBON RESISTORS 

WIREWOUND RESISTORS - PLUGS AND SOCKETS - TERMINALS 
KNOBS DIALS AND POINTERS 


HIGH STABILITY CARBON RESISTORS 
1 


1 w, 4 w, 3 w, | w and 2 w types available at 1%, 2% or 5% Resistance Tolerance. 
Complete range fully R.C.S.C. approved. For full details request leaflet H.S.C. 1/3. 


PAINTON 
Nor . Ongland 
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B.M.B. MINIATURE BALL BEARINGS 
FIT SHAFTS AS SMALL AS 0°040in. 


They’re accurate to millionths 


. . - and good for years ahead 


In the manufacture of their extensive range of aircraft, 
marine and industrial instruments, Kelvin & Hughes Ltd., 
London, leave nothing to chance, well knowing that unvary- 
ing dependable performance may be a matter of life or death. 
We are proud, therefore, to be helping in our own small 
way to ensure the efficient performance of the Mk. 12 
aircraft turn and slip indicator shown. B.M.B. ball bearings 
are fitted to the gyro athwartship axis and give unfailing per- 
formance under varying conditiens of speed and temperature. 
If you make instruments, small mechanisms or machines, 
B.M.B. Super-Precision ball bearings will ensure greatly 
increased” efficiency at reasonable cost. 

Ask for latest catalogue. 
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CHOOSE 
ELEKTRON 
FOR TV 


CAMERAS 


. . . Because it is one third lighter than aluminium . . . exceptionally 
strong and ensures easy handling during operation. 


For all main structural parts and minor components of pre TV CAMERAS— 
ELEKTRON PRESSINGS have more than proved their worth at all stages of 
Euexra0N production ... from basic design to the finished article. ELEKTRON has 
high dimensional stability . . . constant temper during machining and 
excellent surface finish. These combined properties make Elektron 
Magnesium Alloys outstanding in meeting the stringent demands of 


modern industry. OurTechnical Representative will be glad to call on you. 
This advertisement was prepared with the co-operation of PYE of Cambridge. 


MAGNESIUM ELEKTRON LIMITED 


CLIFTON JUNCTION + MANCHESTER 


LONDON OFFICE: 21 St. James’s Square, London, S.W.|. Telephone : WHITEHALL 1040 
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HAS A FAMILY WOW! 


ROCOL MOLYBDENUM 
DISULPHIDE PRODUCTS 


- SCUFFING 
(A.1.D. approved) 

For dry treatment of working surfaces 
ANTI-SCUFFING OIL 


For addition to circulating oil systems. 
LUBRICATING GREASES 
Moly BB Grease 
Moly P Grease 
Moly R. 4. Grease 
Moly 500 Grease 
Moly L. M. Grease 
Moly Listate Grease. 
LUBRICATING OILS 
Molykiron 4 
Molykiron S.A.E. 10, 20, 
50, 60, & 70. 
Moly Semi Oil 
Molypad 
SILICONES 
Molysil 33 
Molysil 44 
Molysil NC 


ANTI 


30, 40, 


SOLVENTS 
Molypol 
Molysprat 
Molytox 
Molyvar 
CUTTING COMPOUNDS AND OILS 
Molycut L. 

Molycut H. 

Molycut R.T.P. 


For further details write for publication 
os. 1 & 3 


Yes ! Rocol Molybdenised Lubricants are 
available in a varied range of the highest tech- 


now 
nical repute. Molybdenum Disulphide films repre- 
sent a BIG advance in lubrication. They prevent 
scuffing and galling; lubricate efficiently from sub- 
zero temperatures to 1000 F, 


corrosion. 


“OCOL 


MOLYBDENISED 
LUBRICANTS 


ROCOL LIMITED 


IBEX HOUSE, MINORIES, LONDON, E.C.3 


Telephone: ROYal 4372. 


ROGOSINE. 
WwW 


MINERVA WORKS, WOODLESFORD, NR. LEEDS. 


Telephone: Rothwell 2164 


n.d.h 21837 
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Find out more about these other P.A.R. Products 
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Built by Craftsmen -----++++ Assembly of Scalamp Galvanometers Cat. Nos. E.E. 7901/S-4/S 


SNVhe 





SCALAMP 
Range 


You are invited to write for details of the instru- 

ments illustrated here. 

The Galvanometers and Electrostatic Voltmeters 

are available in a range of sensitivities—the 

Fluxmeter has a very high performance and a 

unique return-to-zero device. Outstanding 

SCALAMP attributes include a truly functional 

dustproof case, mains or battery operation, and 

an easy-to-read haitline spot. cet aren 


STANDARD EQUIPMENT IN MANY LEADING LABORATORIES 


> 
SCIENTIFIC( >) (AinstRUMENTS 


W. G. PYE & CO. LTD. GRANTA WORKS - CAMBRIDGE - ENGLAND 


WG.54 
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REORD GRAPHIG RECORDER 


* for accuracy 
* speed of response 
* exceptional sensitivity 


* compactness without 
sacrificing chart 
visibility 
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Electrical 
Movement 


Generously proportioned, giving high 
torque for low consumption. 


Chart Mechanism 


Compact, removable without disturbing the 
electrical movement and can be re-loaded with 
ease and safety. 











Available over the full range of power 
requirements and tachometers. Also available 
in special forms telecommunication and electronic 
service. Standardised designs available for 
quick delivery. 


THE RECORD ELECTRICAL COMPANY LIMITED — 


BROADHEATH, ALTRINCHAM, CHESHIRE 


Telephones : Altrincham 3221 (4 lines) Telegrams and Cables: Cirscale, Altrincham 
LONDON OFFICE: 28 VICTORIA STREET, LONDON, S.W.1. 
Telephones : ABBey 5148 and 2783 Telegrams: Cirscale, Sowest, London Cables : Cirscale, London, 
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ONLY the LAB unit has all 
these fealures... 


* Continuous storage Designed to provide a complete range of resistors 


* 700 resistorsina space 12”x4"x4” and ‘ceramicaps’ for research and experimental 
laboratories and small production units. As easy to 


* Ohmic values separately carded use as a card index. Rapid selection from 700 sorted 
and carded components. Continuous storage — 
empty cards merely replaced with full ones available 
from stock. The Lab Continuous Storage Unit is 
supplied FREE with initial purchase to your specifica- 
tion. Standard assortments available. 
Full details and illustrated list 

will be sent on application. 


* Finger-tip selection 












BRITISH 
PATENT 
No. 680632 





ial 
TESTED 


CONTINUOUS 


STORAGE UNIT 





‘ 


1h = 





‘ 


RESISTOR SPECIFICATION 


z 
x 


§ 


he 


Max. 
Ref. | Type |Loading, Volts! Range |Dimensions 
Mo 4-watt 4{-watt 250 | 10 ohms #” x $” 
ig 


$-watt  _|-watt 500 to 10 , x 
| megohms | 
Tolerance available +20%, + 10%, +5% 
| 5 ohms 
HS3  j-watt | j-watt | 750 | to 500 B.0° x @.1” 
megohms 


Tolerance available +20%, 10%, 5%, 2%, 1% 











*‘ Ceramicaps’ 
Miniature Silvered Ceramic Tubular Capacitors 


Capacities available : The Lab Continuous Storage Units are available 
Low Permitivity ... .. 3 to 470 pf from your normal source of supply, but more 
High Permitivity ...  ... |... 500 to 5000 pf detailed information can be obtained from 











THE RADIO RESISTOR COMPANY LTD 


50 ABBEY GARDENS *° LONDON <« N.W.8 *: Telephone: Maida Vale 5522 
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With aircraft spanning the globe daily it is essential that 

they should be able to obtain instantaneous contact with 

weather ships and other marine traffic for weather reports 
and information which helps to keep them safely 
on their assigned routes. 
That is why more and more G.E.C. Quartz Crystal 

Units are being used by aircraft and ships. 
Only reliable components are safe and good enough 

for their radio equipment on which the lives 


of their passengers and crews may depend. 


Write for list @C 5012 (R) 


SALFORD ELECTRICAL INSTRUMENTS LTD: SALFORD 3: LANCS 


\ ELECTRIC CO. LTD. OF ENGLAND 


A SUBSIDIARY OF THE G 
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if you're thinking in terms of... 
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l y \ % electro-mechanical transducers & associated equipment 
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\ \ i. Dis statin vibration analysis equipment 
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™~ ue he electronic computing & servo systems 
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ultra-sonic systems 


see SAUINDIBIRS =ROE Electronics Division 


OSBORNE +: EAST COWES - ISLE OF WIGHT - TELEPHONE: COWES 2257 
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This is one of the many high quality 
multi-channel cathode-ray Oscillographs 
we have designed and manufactured. 


The development of modern ships, 
aircraft, engines, machines and armaments 
of all kinds already owe much to such 


MINIRACK Oscillographs. 


WRITE FOR OUR CATALOGUES 


SOUTHERN INSTRUMENTS LIMITED 
CAMBERLEY SURREY 


Telephone : Camberley 2230 (3 lines) Telegraphic Address: ‘‘ Minrak,”’ Camberley, England. 
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We see vo ... 


VALVES 


Rigid control of production needs: a 
ready acceptance of improved manufacturing tech- 
niques, and continual vigilance in the analysis and 
selection of raw materials ensure that every 
BRIMAR valve will do its job more efficiently .. . 
more reliably. 

Modern manufacturing methods backed by an inten- 
sive research and development organisation enable 
BRIMAR to anticipate and meet the changing demands 
of the radio and electronic industries. There is 
bound to be a BRIMAR valve to exactly ones YOUR 
specification. H 
oie 
now Is the time pda foe Pipeerye tote 
TV receivers, VHF and UHF com- 
munications equipment. It is also 


to BRIMARIZE/ sae eae, 








BRIMAR | MULLARD | MARCONI COSSOR 


arcon | cosson | Use the BRIMAR 


an | wn [omene | nan : 12AT7 

















with improved performance 


Genirttaed Telephones ond Cables Limited 


FOOTSCRAY, KENT. FOOtscray 3333 


at 
NO EXTRA COST 
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Write for full 
particulars from 


TAYLOR TUNNIGLIFF crcrones) LTD, ' 


ALBION WORKS * LONGTON * STOKE-ON-TRENT 
Telephone: Longton 33122 


London Office : 125 HIGH HOLBORN, W.C.1 
Telephone : Holborn 1951/2 
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f the gemsin 
INBRAKC a select circle 


UNBRAKO set screws—gems of precision and hardness—are 
relied upon fora thousand and one applications in every branch 
of engineering. Unbrako screws are made in all standard sizes 
and threads, and those particularly applicable to the Wireless 
and Electrical Industries—from 6 BA Set screws and 8 BA 
Cap screws. 

Available from UNBRAKO distributors throughout the world. 


UNBRAKO SOCKET SCREW CO LTD 
COVENTRY ENGLAND 
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now - 
more than ever 


SAVAGE 
TRANSFORMERS 


are meeting the specialists 
need in every electronic 
field. Our 
26 years of 
research & 
experience 
is at your 
disposal. 








(SAVAGE 


NURSTEED RD., DEVIZES, WILTS. 
Telephone : DEVIZES 536 























PROVINCIAL ADMINISTRATION OF THE CAPE 
OF GOOD HOPE 





HOSPITAL BOARD SERVICE: VACANCY 





GROOTE SCHUUR HOSPITAL, OBSERVATORY, 
CAPE 


TECHNICIAN 


GRADE B (£.E.G. TECHNICIAN) 


Departments of Neuro-Psychiatry and Neuro-Surgery 


Electro-Encephalography Laboratory 


1. Applications are invited from qualified persons for appointment to 
the post of Technician, Grade BJ(E.E.G. Technician), at the Groote 
Schuur Hospital, Observatory, Cape. 


2. The remuneration applicable to the post will be at the rate of £500 
per annum in the first instance rising by annual increments of £25 per 
annum to a maximum of £650 per annum. Over and above these figures 
a cost of living allowance at the rate of £320 per annum to married persons 
and £100 per annum to single persons is payable. 


3. The leave and pension privileges attached to the post and other 
conditions of service are governed by the relevant Ordinances and 
Regulations. 


4. Candidates must be trained and experienced E.E.G. Technicians. 


5. The successful applicant will be required to submit satisfactory Birth 
and Health Certificates and his/her appointment will be subject to the 
following conditions :— 


(a) Appointment will be on contract for 5 years in the case of a citizen 
of a Commonwealth country or the Republic of Ireland and 6 
years in the case of a citizen of European countries other than the 
United Kingdom and the Republic of Ireland. 


(6 


~ 


Transport expenses (third class by rail overseas and second or 
cabin class steamship fare and first class by rail in the Union) 
necessarily incurred by the successful applicant from place of 
residence to the place of assumption of duty in South Africa, will 
be defrayed by the Administration provided that, if the contract 
is broken within one year of the date of assumption of duty the 
person appointed must refund to the Administration the full 
amount paid in respect of transport expenses and if the contract 
is broken within 5 years of the date of assumption of duty in the 
case of a Commonwealth citizen and 6 years in the case of a 
citizen of another European country, the person appointed shall 
refund to the Administration the pro rata share of the full amoun} 
above referred to in respect of the unexpired period. 


(c) The person so appointed will be offered permanent appointment 
during the term of contract but not earlier than three years from 
the date of assumption of duty or with effect from the conclusion 
of the contract, provided he/she has passed an examination in 
Afrikaans as second language, which examination shall not be 
lower than the standard required for the Junior Certificate 
Examination of the Department of Education of this Province and 
provided further that his/her services and conduct during the 
period of contract are satisfactory and his/her state of health is 
such as will enable him/her to continue to discharge efficiently all 
the duties of the post in which he/she will be employed. 


6. Application must be made on the prescribed form, Staff 23, which is 
obtainable from the Staff Clerk, Room 102, South Africa House 
Trafalgar Square, London, W.C.2. 


7. The completed application forms must be addressed to the Director 
of Hospital Services, P.O. Box 2060, Cape Town, South Africa, and 
must reach him not later than the 31st August, 1954. 


8. Candidates must state the earliest date on which they can assume duty. 
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LONDON RECIog 
“SEVENTH 


ENGINEERING 


DISPLAY 


OCTOBER 12™= 141954 


AT THE ENTRY IS FREE 
R.H.S. NEW HALL apuiacteaiihdesinanien 
VINCENT SQUARE ENGINEERING INDUSTRIES 


LONDON SWI. ASSOCIATION 


9 SEYMOUR ST., LONDON, W.| 
Admission by Trade Card 










YOU ARE CORDIALLY 
INVITED TO VISIT THIS 
INTERESTING DISPLAY 
OF PRODUCTS AND 
PROCESSES OF THE 
ENGINEERING INDUSTRY. 







Telephone : WELbeck 2241 


SEND FOR CATALOGUE 
(price 1/4 Post Free) 








rete nee 
eee ata 











Modern machinery and methods keep 


It's all pl ain capstan and automatic productions 


and sheet metal pressings flowing 


sailing at 2 nsenree 
66° < 











GRIFFITHS, GILBART, LLOYD & CO. LTD. 


EMPIRE WORKS PARK ROAD BIRMINGHAM 18 





Tel. : NORthern 6221. 
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MINTATURISATION cooing probiens 
cooling problems 

Highest efficiency axial flow fans 

developed for : 

ANY MOTOR, ANY CONDI- 


TIONS, ANY MATERIAL, ANY 
QUANTITIES. 





The fan illustrated is one of our 
range of 

ELECTRONIC, AIRCRAFT, 
INDUSTRIAL and MARINE 
non-overloading FANS. 


Performance :— 

CFM Pressure Watts out Engineered in accordance with 
50 Nil K114, RCS1000 or other relevant 
40 4” 7 Ministry specification. 

25 1.0” 
With B.T.H. LK454/Al/I, 115v. Consult us on any problem of air 


400 c/s. 3 ph. motor. movement. 


Working Temp. Range © gnoc CORROSION-PROOF ‘FANS, 
HEAT EXCHANGERS, FILTERS, 
TRUNKING, GENERAL 
VENTILATION. 


13 oz. weight 24” diameter. 


Now available for 230v. A.C. 
50 c/s and 24v., 12 v. or 6v. D.C. 





TO APPROVED MINISTRY SPECIFICATIONS 


Designed by the world pioneers of high efficiency axial flow fans. 


A. K. FANS LIMITED 


20 UPPER PARK ROAD . LONDON . N.W.3 
Telephone: PRIMROSE 5969 
CONTRACTORS TO ADMIRALTY, M.O.S.. etc. MANUFACTURERS OF ‘AIRMAX’ PATENTED SCREW FANS. 


EWTN N/E 




















THE 
PRESS 
TOOLS 


METAL FOR 


THESE TWO PHOTOGRAPHS ILLUS- 
TRATE SIMILAR PRESSINGS MADE 
UNDER IDENTICAL CONDITIONS. THAT 
ON THE LEFT SHOWS THE PERFECT 
RESULTS OBTAINED WITH NARITE DIES, 
COMPARED WITH 
THE WASTER PRO-' 
DUCED BY ORDIN- LESS 


AND 
DRAWING ARY STEEL DIES. | AMEE 
LESS WASTERS 


DIES : MORE 


Un-retouched Photographs by Courtesy of a NARITE User ‘ roy cel olerem are), | 














NARITE eliminates ‘scuffing,’ [7 UiGmaiuune MORE 
WRITE ‘galling,’ or ‘wrinkling’ in » PROFIT 

pressing. NARITE _ gives ; 
lower die costs, more press 
BROCHURE production hours, more profit. 
NARITE service is yours for 
the asking. 


FOR 








Write now to: 


ST. ANDREW’S RD. HUDDERSFIELD. 


CW 2431/12 N Cc ASHTON LIMITED Telephone : HUDDERSFIELD 6263/4. 
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TYPE LE 48A 


One great advantage of this instrument is the illumin- 

ated 8 in. mirror scale which gives easy reading in 

the laboratory. An additional decibel scale is provi- 

ded which gives an overall range of —90 to +32 db 

with a reference level of 1 mW into 600 ohms. 
(Two other models available, LE 45A and LE 45B) 








MODEL LE 48A 


300 MICROVOLTS 


FULL SCALE 
A NEW EIGHT INCH SCALE 


MILLIVOLTMETER 
embodying the following features :- 


¥* 30 uV to 300 mV in seven ranges. 
% Built in Switched Multiplier extends range to 
30 V. 


%& Ranges in 10 db steps. 
%& 8’ Illuminated Mirror Scale. 
* No Zero Drift. 


%& Frequency Range: 20 cycles to 50 kilocycles. 
Accuracy above 100 uV + 3% rising to+ 5%, 
at 100 kilocycles. 


% Internal noise and hum less than 20 uV. 
% Balanced input models available. 


The circuit comprises an input cathode follower, 
followed by a three valve amplifier with negative 
feed-back. The H.T. supply is electronically stabi- 
lised and the instrument is substantially independent 
of changes in the supply voltage. 


HATFIELD INSTRUMENTS LTD, sanwett*tonoon, w. 











27-37 MASONS AVENUE, 
WEALDSTONE, MIDDX. 


Telephone : 
HARROW 9022/3/4/5. 


Telephone : EALing 0779, 9857 


THADDONS 


TRANSFORMERS LTD. 





A.|.D. APPROVED 















POWER and 
AUDIO FREQUENCY 
TRANSFORMERS 





Open or Enclosed Types 
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CONTRACTORS TO ALL GOVERNMENT DEPARTMENTS 


For all climatic conditions 
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DESIGNED for ACCURACY 


PECIALISTS in the manufacture of 
Variable 
for over 20 years, Colvern Ltd., 
are BRITAIN’S largest manufacturers of 
these components. 


Wirewound Resistors 





Our fully comprehensive range includes :- 


* 


Sealed Wirewound Potentiometers and Variable 
Resistors Fully Type Approved to Inter-service Specifica- 


tions RCS/121 and RCL/121. 


Standard Wirewound Potentiometers from | to 15 watts 
rating, including multi-ganged types, and semi-preset 
Controls for Television Receivers. 

including 


High Accuracy Precision Potentiometers 


sine/cosine types. These Potentiometers, the most 


accurate made in the world to-day are 





incorporated in most modern Radar, 


Navigation and Computing Equipment 


Ten Turn Helica Potentiometers. 


* 


COLVERN LIMITED 


Mawneys Road - Romford -: Essex 


Telephone No.’s : Romford 8881/2/3 
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Illustrated above are 
the types of installa- 
tions as used by the 
Warwickshire County 
Council and Messrs, 
Baird and Tatlock 
(London) Ltd. The 
former shows both 
open and closed type 
shelving and the latter 
the closed type for 
chemical and labor- 
atory supplies. 


STEEL 
STORAGE 
EQUIPMENT 


EVERTAUT 


You can increase your effective 
storage capacity, speed hand- 
ling and improve inventory 
control with Evertaut Steel 
Storage Equipment. 











Compact, adaptable Evertaut 
Shelving will solve your stor- 





ele ——— age problems, quickly, easily 
sae os and at low cost. 

———_ 
<< | iin Evertaut closed type 





shelving is designed for 

the storage of smaller 

articles. Bin fronts and 

shelf dividers may be 
added. 



































Nd 


RIAUT solved these storage 


The Ford Motor Co. Ltd., the de Havilland Aircraft Co. Ltd., 
Lloyds Bank, British European Airways Corporation, The 
Austin Motor Co. ... these are a few of the great names in 
British Industry using Evertaut Equipment. Find out now 
how you can profit by their example. Call on the experienced 
services of our Technical Staff. 


May we solve yours ? 


Please write for Catalogue SH/X. 





EVERTAUT LTD., WALSALL RD., PERRY BARR, BIRMINGHAM 22b 
Tel. BIRchfields 4587 (4 lines) Grams ‘‘ Evertaut, Birmingham 
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Complele awccesstlillly- iz 


wo 


Telescopic Mountings 


Telescopic Mountings offer the 
most convenient means of obtain- 
ing complete accessibility to rack 
mounted equipment and enable 
units weighing several hundreds 
of pounds to be taken out with 
ease. Produced in several styles 
for light, medium and heavy duty 
applications. 

Mountings can be supplied in any — Write for further information to 
length with links, fixing brackets © TECHNICAL SALES OFFICE 
and screws as may be necessary 299 New King’s Road, London, S.W.6 


for your requirements. Telephone: RENown 1601 


MANUFACTURERS :— 
HALLAM SLEIGH & CHESTON LTD. * WIDNEY WORKS «+ BIRMINGHAM, 4 


WwD2 





Lewcos Insulated Resistance 
Wires with standard coverings 
of cotton, silk, glass, asbestos, 
standard enamel and synthetic 
enamel are supplied over a 
large range of sizes. 


Send for this leaflet 


THE LONDON ELECTRIC WIRE CO. 
AND SMITHS, LIMITED 
CHURCH RD., LEYTON, LONDON, E.10 
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tic 
an unseen danger ! 


The instrument is widely used for the investigation 
of static charges in the textile, plastics, paper, 
rubber and explosives industries as well as in 
hospital operating theatres. Further details are 
given in leaflet No. E123 available on request. 


a 





BALDWIN INSTRUMENT COMPANY LTD - DARTFORD - KENT TEL. 2948 (3 LINES) 








We ean do it! 


Sub-contracts for communications, television, and 
electronic equipment now in hand are keeping us 
fully occupied. We like to believe that this is 
because the large firms for whom we work are 
satisfied that we can maintain quality and delivery 
schedules—and show a cost saving into the bargain. 


If these are services which you may need, we 
shall be happy to demonstrate—under peak load 
conditions—the variety and standard of work we 
are capable of handling. 


BROXLEA PRODUCTS 
LIMITED 


High Rd., Broxbourne, Herts. Phone : Hoddesdon 3091/2 
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DAWE 


Sensitive 
VALVE 
VOLTMETER 


TYPE 614 


f 


LE LLLDLEE ERNE LOE ON 


A 
‘ tnopt 
\ ( v( 


bh 7 


between !U c/s and 100 kc| 





3 Mm V FSD ware! upWw Weeks 


Technical data fram: DAWE INSTRUMENTS LTD., Instrument Division 
99 UXBRIDGE ROAD, EALING, LONDON, W.5 > EALING 6215 
or from your Regional Ager 








PAS rege: 








North of England Cheshire 


Midlands | Scotland West of England | Northern Ireland 
Hawnt & Co., Ltd., A. C. Farnell, Led., F. C. Robinson & Penrs., | Land, Speight & Co., Radford ElectronicsLtd., | James Lowden & Co., 
59, Moor Street, 15, Park Place, 287, Deansgate, | 73, Robertson Street, 149, Newfoundland Rd., | |! Middlepath Street, 
Birmingham, 4 Leeds, | Manchester, 3 Glasgow, C.2 Bristol, 2 Belfast. 
Central 6871 Leeds 32958 Deansgate 6601 Central 1082 ! Bristol 51132 Belfast 57518 

















JUST WHAT YOU HAVE 
BEEN WAITING FOR 


LAMINATIONS 
WITHIN 7-28 DAYS 
ACCORDING TO ) 


\\ 















We supply prototypes for all new designs in the shortest possible time that size, type, and circumstances permit, 

in cases of emergency generally within a period of 7-28 days—Nickel Iron Alloy Laminations approximately 40 
days. All metals and specifications in most cases immediately available, including High, Medium and Low Silicon Iron, and 
also in Nickel Iron Alloys. All Nickel Iron Alloy Lamination heat treatment is guaranteed. Send us a sample or sketch of your 
requirements, together with the specification, which will receive immediate attention. 


a 


‘J 








o 






ELECTRONIC = © LAMINATIONS 





Telephone : Slough 25171 LIMITED Telegrams : Lamination, Slough 
OXFORD AVENUE, SLOUGH, BUCKINGHAMSHIRE 
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ALWAYS “FIT” 








SUSPENSION DRAWER SLIDES, SUN and PLANET FRICTION ELIMINATORS and SHEAVES. 





Type A Slides as above — in 15§”, 17§”, 21”, 23§”, 253” and 27}” lengths. Heavy type A Slides supplied in lengths 
af “, 283”, 32” and 37”. Type A series case strips may be drilled and countersunk or provided with ears or lugs. 





Two arm Type B Slides supplied in 23§” lengths down to 9” lengths. 13 gauge Heavy Type B Slides in lengths up to 30’. 
We also supply heavy duty castors up to 30 tons capacity each, 
including twin pneumatic wheeled types up to 44” diameter. 


OVER 7,000 TYPES AVAILABLE 
Ask for Brochure. 
Engineers, Patentees and Sole Manufacturers 


AUTOSET (PRODUCTION) LTD., DEPT. ©O, Stour St., Birmingham, 18. 
Phone : EDG 1143 (3 lines). Est. over 30 years. 
Please mention ‘‘ Electronic Engineering.” ats 














oO — of Wigh Grade 


STABILISED POWER UNITS 
BY BOULTON PAUL ELECTRONICS 


In all cases : 










% Transformer input tap changing by ‘switch on 
front panel. 
% All supplies isolated from earth and chassis. 
% Separate earth terminal. 
TYPE! TYPE2 | TYPE 3 
cp2se £36 enzsak 45) tpzs? £78 *% A single switched meter is provided for 
oieien 0-200V. 200-400V. 0-S00V. monitoring voltage and current. 
Stabilised 0-75mA 150-80mA 0-250mA 
Negative O-8SV. = 150V. 30mA and Advanced design ensures superior performance. 
Stabilised 0-imA 0-150V. 0-imA High grade components are used throughout and 
valves are conservatively rated for long life. 
Stabilisation 100 :1 60:1 70: 1+ ve = — 
Ratio 300 : I-ve oh Full details of these or any other Boulton Paul Electronic 
BPA 
igedions ites were ee Instruments will gladly be forwarded on request. 
cme |< | me [omc | — BOULTON PAUL ELECTRONICS 
Unstabilised | 370V. D.C. | 530V. D.C. 750V. or 500V. or : 
pee ee ces, See BOULTON PAUL AIRCRAFT LTD. WOLVERHAMPTON 
6.3V. C.T. a eo < = x Telephone : FORDHOUSES 319! 
4A ‘ ter sana Telegrams : AIRCRAFT, WOLVERHAMPTON 
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SPECIFICATION PRICES 
Weight | | 
Size of Bit (Less Length | Loading Fixed Replace- Heat 
diameter | Flex) | 











Bit able Bit | Guard 























Fixed or Re- | | 

placeable oz. inch | watts ¢:& ee Se | s, 4d s,. ¢. 
s Ae | 6 12 19 6 it 6 46 5 0 
4 | ie 8} 23 1 i 0 140 49 5 6 
+’ | 2 | 9 27 2-6 15 6 49 5 6 
i’ 34 10; 40 is 6 on a ee eS 6 6 
LIFE 
TEST 


The three ‘‘LITESOLD”’ 
#” mains models left con- 
nected day and night 
since March 6th were 
still working satisfactorily 
when this advertisement 
went to press. 
(Over 3,400 hrs.) 


Illustration shows the }” 
bit model in use with our 
HEAT GUARD. 





Further details from the Sole Manufacturers and Distributors. 


LIGHT SOLDERING DEVELOPMENTS LTD., 106 GEORGE ST., CROYDON SURREY. Tel. CROydon 8589 





LITESOLD-_—ror 4 REALISTIC APPROACH TO YOUR SOLDERING PROBLEMS 


We are specialists, manufacturing a com- 
prehensive range of highly efficient Soldering 
Instruments and Accessories. Why not put 
our dels to a ison test with those 





td 


you are using at present? A trial will 
convince you of their outstanding merit. 
Supplied in all voltage ranges from 6/7 to 
230/50 V 








PRODUCTS 


FOR ROUTINE 


74/7 


of pressure, vibration and strain 


N-E-P RECORDING CAMERA 


CSA XK «- C ALANINE EL) 


120 mm. paper, 100-foot magazine, 25-foot cassette. 
Supply A.C. Mains or 24V D.C. 
Over-all dimensions 18" x 12". Weight 83 lbs. 


Unit construction ensures ready adaptability to customer’s needs, 
All parts completely accessible. 

Standard model has 4 speeds and adjustable light intensity for 
each speed (continuous variable speed is also available). Standard 
miniature plug-in type galvanometers. Built-in timer, signal 
marker and electric clutch for remote control. Panel lamp 
indicates paper movement, and “‘ Magazine Empty”. Push 
Button for “* Bright Viewing ”’. 

Inquiries for literature or stating speciai requirements’ are 
welcomed. Write please to :— 


NEW ELECTRONIC 





9 New Cavendish St., LONDON, W.I. 


WELbeck 1421-2 


LIMITED 










Rear view of 
N.E.P. Recording Camera 
opened showing the 

100 ft. magazine. 


Contractors to the Ministry of Supply. Ministry of Health, U.S.A.F., etc. A.1.D.-approved. 
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roe BPL ountversat TEST SET 


Laboratory sensitivity combined with robust construction makes the 
B.P.L. Universal Test Set the ideal all-purpose set for electricians and 
radio engineers. Sensitivity is 20,000 ohms per volt for D.C. or 
A.C. and two ohms ranges allow precise measurement of low resist- 
ances. The easy-to-read two-colour dial and mirror scale provide 
added accuracy. Ranges: A.C./D.C. Volts: 10, 50, 100, 500, 
1,000 ; D.C. Current : 100A, 1 mA, 10 mA, 100 mA. ; Resistance : 
0-10,000 ohms (first divn. 10 ohms), 0-1 megohm. List Price : 
£11 10s. Od., incl. test leads, subject to Trade Discount. 

















We also supply B.P.L. Super Rangers and D.C. Test 
Sets, Moving Coil and Moving Iron Panel Mounting 
Meters and a comprehensive range of Measuring 
Bridges and Electronic Testing instruments. Write 
today for full details. 


















LEADS TO 

British Physical 
Laboratories 

Radlett, werts. @) 


Telephone: Radlett 5674/5/6. 
















London Stockist : M.R. Supplies, Ltd., 68 New Oxford Street, W.C./ 
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‘EVERLOCK’ 
washers 
pen steel 
springs 

and 


coils by 


BAK-FIN 


BAKER & FINNEMORE LTD - 197-207 NEWHALL STREET - BIRMINGHAM - 3 


TELEPHONE: CENTRAL 2838 
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MOLYBDE 
CATHODE 


NUM 
CuP 


IN THIS NEVITRON SINGLE 


ANODE MERCURY ARC 


RECTIFIER 


is supplied to Nevelin Electric Co. Ltd., the manufac- 


turers of the unit, by Murex Limited. This is anexample 


of the many types of molybdenum 


are being fabricated for the electrical and 


electronics industries from pure molybdenum 


sheet made at our Works 


at Rainham. 


ILLUSTRATION OF CUP 
ACTUAL SIZE 


MUREX LTD 


RAINHAM °* ESSEX ° 


London Sales Office: CENTRAL HOUSE, UPPER WOBURN PLACE, 


spinnings which 


(Powder Metallurgy Division) 














Rainham, Essex 3322 






WC. 









@ Write to Murex Limited for information 


on fabricated molybdenum parts. 


evelin Electric Co. Ltd. 


: 


* EUSton 8265 





VIBRATION 


TESTING ? 


No, we do not recommend this method! 
We offer, instead SAVAGE ‘VLF’ 
and ‘LRF’ Amplifiers, giving 


A SOURCE OF POWER 


where it is required for vibration and 
fatigue testing of structures, com- 
ponents, engineering products, engines, 
special metals, etc. In this direction, 
the applications of this equipment are 
countless, as they are, also, as a variable 
frequency power source for  trans- 
formers, meters, motors and electrical 
component design. 

This equipment is inexpensive to 
purchase, simple and economical to 
use; gives complete and accurate 
control at all times. 

Ask us TO-DAY for full details, 
without obligation. Or let us know your 
problem in this field and we will 
gladly help you. 


W. BRYAN SAVAGE LTD. 


WESTMORELAND ROAD, LONDON, N.W.9 
TELEPHONE: COLINDALE 7131 
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Leading organisations now using this 
equipment include: Bristol Aeroplane 


Cos The Brush Electrical Engineering OUTPUTS 
.» Ltd.; English Electric Co., Ltd.; ‘ ’ 
Ferranti Ltd; G.E.C.; Handley Page 100 watts = “VLF 
Ltd.; The Imperial College of Science; 3 c/s to 6 c/s 
Siemens Bros. & Co., Ltd.; S.T.C.; ‘ ; 
Vickers-Armstrongs; R.A.E., Farn- 1000 watts ‘VLF 
borough, etc. 6 c/s to 2000 ¢/s 
Ww. BRYAN MARK II STAR 


avage 


50 c/s to 10 Ke/s 
‘LRF’ 
5Kc/s to 100 Ke/s 


Yb Pe hl? AMPLIFIERS 


LOW RADI 


t 
FREQUENCY FREQUENCY 
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These X-ray photographs show 
a flow indicator body cast by 
the Parlanti mould process in 
material DTD304. This cast- 
ing was developed to withstand 
a very high pressure while 
keeping the sections as thin as 
possible. The bottom of the 
main body is 0.2” thick and 
successfully withstood an inter- 
nal pressure of 10, 

per sq. in. 


_CARRON PARLANTI 
LTD 





CARRON PARLANTI LIMITED: CARRON - 


In Niforge stress-free castings, the revolutionary technical 
advance presented by the Parlanti mould process is allied to 
nearly two hundred years of Carron foundry experience. 





This permanent gravity die-casting technique gives improved 
mechanical properties — fine grain, great tensile strength, 
excellent finish — and saves both time and skilled labour. 


AFTER PROTOTYPING AND DEVELOPMENT 

100 or more working dies can be made from a master mould in 
two days, and each die can produce up to 400 castings per day. 
Please write for full details. 


Falkirk * STIRLINGSHIRE °* Telephone : Falkirk 35 
London Office : 15 Upper Thames Street, E.C.4. Telephone : CEN 7581 


Gis 















THE 


DARWINS 


GROUP 


SHEFFIELD - ENGLAND 
Our long association with the use and prod- 
uction of permanent magnets enables us to 
offer not only an advisory service of the 
most complete character, but the benefits of 


production technique and facilities based on 





wide knowledge and intensive research. 


DARWINS LTD. 
TOOL STEELS 
PERMANENT MAGNETS 
RESISTING CASTINGS 

ANDREWS TOLEDO LTD. 

CARBON & ALLOY CONSTRUCTIONAL 
STEELS 

ANDREWS TOLEDO (wire ROD) LTD. 

SPECIAL CARBON & ALLOY WIRE ROD 


SHEFFIELD FORGE AND ROLLING 
MILLS CO. LTD. 
CARBON & ALLOY STEEL BARS & SHEETS 
WARDSEND STEEL CO. LTD. 
AGRICULTURAL & TOOL STEEL SHEETS 


Illustration shows the latest ignition half cycle 
HACKSAW BLADES 


magnetising equipment being used. HEAT & ACID 


0.52 
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Opportunities for Engineers 


with the Guided Missiles Division of 
“ENGLISH ELECTRIC’ 


The Guided Missiles Division of The ENGLISH ELECTRIC 
Company Limited, Luton, now wishes to fill a wide 
variety of vacancies. In particular, the following are 
required: 


@ Radio and Radar systems Engineers 


®@ Circuit Development Engineers (including work on 
transistors) 


@ Engineers to design & engineer micro-wave equipment 


@ Instrumentation Engineers with transducer design 
experience 


@ Engineers for Field Trials Radar and Communications 
equipment (including some vacancies for Australia) 





Houses are available for some of the Senior Engineers. 


There are also vacancies for Intermediate and Junior 
Engineers and Laboratory Assistants. 


All these offer splendid opportunities for promotion in 
this new Industry. 


Engineers should be Honours Graduates or have tech- 
nical qualifications to H.N.C. or equivalent standard 
together with relevant experience. 


Applications, quoting SA54, should be sent to Dept. 
CPS, 336/7 Strand, WC2. 


"ENGLISH ELECTRIC 


“ENGLISH ELECTRIC’ MARCONI NAFIER 








ON STAND 7/ | 





AT THE 


RADIO SHOW 


YOU WILL DISCOVER WHY 


So, 
record pia 


are fitted as standard equip- 
ment to 9 out of 10 of the 
World’s finest radiograms. 


< Ae 
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SOMERFORD) msromens sypjcnore 


Arange of 360 standard types avail- 
able for ‘‘ off the shelf” delivery in 
several different mounting styles in- 
cluding both open and hermetically 
sealed ‘‘ C” cores. 


Fully descriptive Catalogue upon 


CS ARDNERS 


SOMERFORD CHRISTCHURCH HANTS 


req 


RADIO“ 











You can now avoid the slightest risk that 
delicate electronic instruments will be 
“Damaged in Transit”. HAIRLOK, which is 
a new form of resilient packing, ensures 
perfect protection because it is moulded to fit 
the shape of the product exactly. It can be 
moulded as hard or as light as required and 
will withstand any shock load including low 
frequency vibrations and varying climatic con- 
ditions. HAIRLOK complies with government 
specification and is non-staining to silver. 
To ensure that equipment is ‘‘Received in Per- 
fect Condition” specify Hairlok packing. We 
shall be glad to send full details on request. 





THE 


Co. LTD. 





The shape \& 
of things ¢— \ 
to GQ.... 


IDDESLEIGH HOUSE, CAXTON. STREET, LONDON, S.W.1. TELEPHONE: ABBEY 6722. 
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THE_SCIEN TIFIC SCIENTIFI 





pmimature 
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= ge rs va aoe use 



































BRITISH MADE fred quen c Y eq ip 
| | ae | - m ae ~ | Power| 
TYPE | DESCRIPTION | EQUIVA-| FILAMENT |Anode|Screen| Grid |Anode/Screen| Mutual | Out- | 
LENT | Volts | mA | Volts | Volts | Volts| mA | mA | Conductance) put | 
XFRI* | R.F. Amplifier ... | IAD4* | 125 100 | 45 | 45 | O | 30 | 09 | 2mA/V _ 
| oe 
| | | | 
XFR2* | R.F. Amplifier ... | 5678* | 125 | 50 | 675/675 | 0 | 18 | 05 | 1-1 mA/V — | 
| | | | | | | 
| | | | | | | | | | 
|XFR3 | H.F. Triode | 5676 1-25 | 120 |} 135 | — | 40 | — | 1l65mA/V | — | 
| | | | ; 
XFYI4 | Output Pentode | 5672 | 1:25 50 | 67°5| 67:5 |—65| 3:1 | 095 | 0-65 mAV [SOmwe| 








* Fully screened with metallized coating. 


+ With input signal 4-55V A.C. and anode load 20 k. 


























Midland Agent: HAWNT & CO. LTD., 


59, Moor Street, Birmingham, 4. 


Northern Agent: A. M. LOCK & CO. LTD., 
Crompton Street, Chadderton, Oldham, Lancs. Tel.: Main 6744. 


Scottish Agent: A. R. BOLTON & CO., 


72, Haymarket Terrace, Edinburgh, 12. Tel.: Edinburgh 62446. 





THE ‘1.0.L.’ 


RATEMETER 


built-in variable E.H.T. supply. 


facilities. 


Full particulars from: 


Tel.: Central 6871. 






ISOTOPE 


DEVELOPMENTS LTD. 





ivac ltd STONEFIELD WAY, VICTORIA ROAD, ‘ieee 
: RUISLIP, MIDDLESEX 3366 
_(¥. 10) 


Type 550 


Designed for accurate rate measurements the instrument 
forms a self-contained unit for educational purposes, 


general investigations and laboratory monitoring. 


Complete with probe, containing cathode follower, for 


alpha, beta and gamma ray measurements, operated from 


Variable count/rate and time constant settings. 
Fitted loudspeaker in addition to first grade mirror] _ 


scale meter. Recording and pulse monitoring 


120 * MOORGATE 
LONDON'E.C.2. 


Telephone: . 
METropolitan 9641 (5 lines) 





AUGUST 





1954 
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THE MULLARD RADIO VALVE CO. LTD. 


has’senior and junior staff vacancies in several of its Development Depart- 
ments situated in or near Mitcham, Surrey. The field in which applicants 
would; be required to work are listed below :— 





Rer.: Receiving Valve Development Department 


W.l (a) The general engineering development of receiving 
valves. 








(6) Glass techniques, including the control of existing 
and experimental work on new methods. 


(c) The investigation of manufacturing processes with a 
view to attaining closer control and further 
development. 





Rer.: Gas Filled Valve Development Department 


W.2 (a) The technological development of hot cathode gas 
filled rectifiers and thyratrons of all sizes and classes. 


(6) The general development of cold cathode gas filled 
valves including stabilisers and reference tubes and 
also multi-electrode types. 


(c) Investigational work on gas discharge phenomena 
in relation to the tube classes mentioned under 
(a) and (6) above. 


Rer.: U.H.F. and Transmitting Valve Development Department 


W.3 (a) The technological development of magnetrons, 
klystrons, travelling wave tubes and kindred 
devices. This work includes metal-glass sealing, 
ceramic and metal brazing techniques. 


(6) General development work on the more con- 
ventional glass, metal-glass and disc seal valves 
usually for the V.H.F. range. 


(c) Investigational work on the effects of variation 
of mechanical structure and of changes in materials 
used for (a) and (6) above. 


Rer.: Cathode Ray Tube Department 


W.4 = (a) The glass, mechanical and chemical technology of all 
types of cathode ray and kindred tubes including 
colour television tubes. 


(6) Process development of methods used for the manu- 
facture of new types of cathode ray tubes. 


(c) Improvements in gun design including electron 
optical work. 


Rer.: Semi-conductor Development Department 


W.S5 = (a) The technological development of all types of 
semi-conducting devices including transistors 
and rectifiers. 


(6) The investigation of semi-conducting materials to 
— their possible application to practical 
levices. 


(c) The development of processes and production 
methods for semi-conducting devices. 


Applicants for the senior posts should be physicists, electrical 
ers or, where appropriate, physical chemists, and should possess 
yy Degree or equivalent qualifications. 


For the more junior posts candidates should possess Advanced Level 
G.C.E. in science subjects or equivalent qualifications, or should be 
pursuing courses leading to H.N.C. or external degrees. 


For both grades past experience in similar work is desirable but not 
essential. 


The vacancies outlined above are caused by the expansion of the 
Company’s activities in these fields. Salaries will be according to individual 
age and experience and qualifications, and can be considered as pro- 
gressive. Company policy regarding the employment of scientific staff 
provides adequate prospects for advancement and breadth of outlook is 
assured by opportunities of transfer to other fields of work within the 
Company’s activities. There are facilities for further study and a Company 
Pension Scheme. 


Applications in writing, which will be treated with the strictest con- 
fidence, should be addressed to the Personnel Officer, The Mullard Radio 
Valve Co. Ltd., New Road, Mitcham Junction, Surrey, quoting the 
appropriate reference number. 









ELECTRONIC ENGINEERING 




































ail iz, 
CRINKLE:-washers 
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Heat treated and plated, giving corrosion 
resistance with high degree of recovery 
in relation to load, and resistance to 
“set’’. Spring locking action suitable 
for electronic and instrument components. 
Size range $” to 8 B.A. 


Prices and samples sent on request. 
CONTRACTORS TO THE ADMIRALTY + MINISTRY OF SUPPLY * @ OTHER GOVERNMENT DEPTS 


VID POWIS ESONS 


QM NCUAM 





There are no finer 
Springs than 
Springs by Riley 


SINCE 1821 


ROBERT RILEY LTD MILKSTONE SPRING WORKS ROCHDALE 


Phone : Rochdale 2237 (5 lines) Grams: ‘ Rilospring ’ Rochdale 
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RELAYS | An Important Service to 


, _ Industry and Research... 
IN THOUSANDS OF VARIATIONS | y 
The Design and Manufacture of 


| PNEUMATIC 
HYDRAULIC and 
ELECTRONIC 

CUSTOM MADE EQUIPMENT 


Examples of work in progress : 


A wide range of stabilized power supply units. 
Oscillators 0°01 c/s - 10 Mc/s using 6ft. scales. 

A wide range of wave-form generators, A.C., D.C. 
and Video Valve Voltmeters using 12 inch scales. 


Servo-operated recorders using 10, 25 and 50 cm. 
scales. ‘ 


Type 0 and Type 1 Servo Drives. 
Millimicrosecond Pulse Equipment. Microphoto- 
| meters. Stroboscopes. 


The Symbol of Service . . . 
L.M.B. INSTRUMENTS LTD. 


OLD BEDFORD ROAD, LUTON, 
BEDS. Phone : Luton 4336 


PLEASE 


WRITE FOR [im 
LONDEX LTD LIST ‘RE’ | 


ANERLEY WORKS - LONDON - SE20 
Telephone: & SYD 6258 






MILTOID LTD 


STOCKISTS OF 












BX 
POLYSTYRENE 


lant at 
A first-class rigid insulating material, ae works of : 
supplied in sheets and rods in a range . 


of thicknesses and diameters ex stock. FERGUSON RADIO 


CORPORATION LTD. 









e 
Illustrated is a Canning Fully Automatic Plant 


for Cadmium plating radio components. 
Equipment for the deposition of various metals 
has been supplied to leading establishments 


in the radio, electrical and telecommunications 
MILTOID LTD. ein 


34/36 Royal College Street, London, N.W.1. 
*Phone : EUSton 6467. ’Grams : .Celudol, Norwest, London 


Information and guidance on manipulation, 
machining and cementing available on request. 
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PRECISION 


PATENT SERRATED 


Anchor 


RIVET 
Bushes 















fastening to thin Sheet metal 


Manufacturers of all 
kinds of products use 
this method of fasten- 
ing to metal sheets 
and panels. Note the 
serrations on the fine- 
ly |tapered shank — 
these cut their way 
iat the sheet and 
prevent the bush 
from rotating in the 


panel. 





THE PRECISION SCREW & MFG. CO. LTD 


UNION ST. 


WILLENHALL STAFFS 





Telephone : 


WILLENHALL 621 & 622 
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Standard push- 
button Attenuators are 
the symbol for precision attenu- 
ation at very high frequencies. As the 
only accurate instruments of their kind 
they are in great demand for research work and 
regular service the world over. 

Four models are now available, ready for building into 
your own equipment. Each is designed to handle inputs 
of up to 0.25 watt. 














CHARACTERISTIC IMPEDANCE 
MODELS AVAILABLE 
75 ohms | 50 ohms 
0-9 db in | db steps Type 74600A | Type 74600E 
0-90 db in 10 db steps Type 74600B Type 74600F 














D.C. Adjustment—Accuracy 


0—9 db models : The insertion loss error will not exceed ; 
+0.05 db for any setting. 3 


0—90 db models: The insertion loss error for the 90 db 
setting will not exceed +0.3 db. For other settings this limit 
falls linearly to a value of +0.06 db at the 10 db setting. 


High frequency performance 


0—9 db models : At 50 Mc/s the insertion loss error for the 
9 db setting will not exceed +0.15 db. For other settings this 
limit falls linearly to a value of +0.05 db for the 1 db setting. 


0—90 db models : At 50 Mc/s the insertion loss error will 
not exceed +0.1 db per step. 


N.B. All insertion errors are relative to zero db setting 








Calibration charts for frequencies up to 100 Me/s for the 
O—9 db models or 65 Mc/s for the O—90 db models can be 
supplied if required. 


Srandard push button 


ATTENUATORS 


Bulletin on request to :— 

Standard Telephones and Cables Limited 
Registered Office : Connaught House, Aldwych, London, W.C.2 

TRANSMISSION DIVISION - NORTH WOOLWICH * LONDON - E.16- 
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Pre Se ge en eS . 


SSINgs and Fabrications,. 











to individual specifications 


Whatever your particular needs in Metal Fabrica- 
tion and Specialised Precision Work, our long 
experience in association with the electrical 
industry enables us to meet your most exacting 
requirements with speed and efficiency. 

Our productions include Control Panels, 
Cabinets, Transformer Tanks, Chassis Assem- 
blies, Components and all kinds of Pressings 
and Fabrications for every application. 


We welcome enquiries and we are always pleased 


to advise on any Specialised Metal Fabrication Problem 
without obligation. 


METAL FABRICATION 
for the Electronics Industry 





GREAT BOWDEN ROAD - MARKET HARBOROUGH LEICESTERSHIRE ~- Phone: 2651/2 















STEATITE 





... for all high 


frequency applications 





Over a century of ex- 
perience in this highly 
specialised field. 

We invite your enquiries. 


Machined to special designs and fine limits. 


WILLIAM SUGG & COMPANY LIMITED 
[vesmusten) "VINCENT WORKS, REGENCY STREET, WESTMINSTER, S.W.I.  ViCtoria. 3211 
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MORE PARTS OF PERFECTION 


Sandwell castings are renowned for their precision and high 
tensile strength, and are incorporated in many of the best 
known products throughout the Electrical Industry including 
Ferguson Pailin Industrial Switchgear. Where only the best 
castings will do, call in Sandwell - our specialised knowledge 
and experience are at your service at all stages from the blue- 
print to the finished product. 


Photo by courtesy of 
Messrs. Ferguson Pailin Lid. 


%* Specialists in the production of 
the finest quality Sand Castings, 
Gravity Die Castings and Pressure 
Die Castings in all Light Alloys and 
Non-Ferrous Metals by the most 
modern methods. 


THE SANDWELL 
CASTING CO. 


BANK STREET FOUNDRY, WEST BROMWICH 
Tel: STOnecross 2231 (4 lines) Grams: “REPCAST’ WEST BROMWICH 













STANTEL THERMISTORS 


STANTELUM 
ELECTROLYTIC 
CAPACITORS 


Thermistors are being used in ever-increasing numbers in the 
electronic and instrumentation industries where their small 
size and stable characteristics have provided the solution to 
many problems. 





The modern trend in miniaturising communications equipment 
has given rise to the development of the Tantalum Capacitor 
which provides at relatively low working voltages a large 
capacitance in a very small volume. 


Compare the volume percentages of the following :-— 
Normal Paper Capacitor (at 100 volts) 100% 


Metalised Paper “6 4 os ie 
Aluminium Electrolytic RES " 23% 
Tantalum Electrolytic . . s ie 16% 


A full range of these capacitors which are hermetically sealed 
and suitable for operation over a temperature range of —40°C 
to +70°C is now available. 

Stantelum Electrolytic Capacitors do not deteriorate with 
shelf life. 


Write for Brochure BC/\5 for full technical details. 





A wide range of both directly and indirectly heated types is 
available for many applications among which are included :— 

@ Temperature measurement and control. 

@ Oscillator amplitude stabilisation. 

@ Current surge suppressors. 

@ Micro-wave power measurement. 
They are available with almost any value of cold resistance at 
20°C with certain standardised values between the limits of 
14 ohms and 4 megohm, Where low circuit resistance is 
essential, for example compensating the resistance increase of 


copper ar Type KS2 Thermistor, having a resistance of 
140410% is readily available. 


Write for full technical details. 


Write for full technical information 


Standard Telephones and Cables Limited 


INDUSTRIAL SUPPLIES DIVISION :— 


FOOTSCRAY + SIDCUP - KENT 
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— have these outstanding features 


High operational speed 

The Carpenter Polarized Relay will respond High sensitivity 
to weak, ill-defined or short-duration im- 
pulses of differing polarity, or it will follow Freedom from contact 
weak alternating current inputs of high rebound 
frequencies and so provide a continuously Wo positional error 
operating symmetrical changeover switch 
between two different sources. High contact pressures 

Five basic types are available witha wide Accuracy of signal 














range of single and multiple windings. repetition 
Particulars of the type best suited to Exceptional thermal 
your purpose will be gladly supplied if you stability 






will send us your circuit details. 






Ease of adjustment 






Manufactured by the sole licensees $ 


TELEPHONE MANUFACTURING CGO. LTD 


Contractors to Governments of the British Commonwealth and other Nations 
HOLLINGSWORTH WORKS « DULWICH ~+ LONDON SE21 : Tel: GiPsy Hill 2211 











Fast processing cycles economi- 


cally use expensive metals. 


The Coating Unit illustrated is one 
of the V.I.A. range which has been 
developed for high vacuum processing. Single 
or multiple layers can be applied and 
may be used for large scale production on 
mirrors, plastic jewellery, lenses, reflectors 
and the deposition of decorative 
metallic films on specialised products. 
High quality appearance by 
the economic use of expensive 
metals obtained with consider- 


able saving on production 
costs. 


-~ Specialist manufacturers of industrial vacuum 
quip —C¢ Iting service to industry. 


VACUUM INDUSTRIAL.APPLICATIONS LTD., WISHAW LANARKSHIRE 
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GUIDED WEAPONS 


The Guided Weapons Department of 
Vickers-Armstrongs Limited, Weybridge, 
has vacancies for the following Staff :— 


GRADUATE ENGINEERS, with Degrees in 
Engineering, Physics or Mathematics, and 3 to 5 
years’ experience in one of the following categories :— 


E.1. Design and development of high-pressure 
hydraulic or pneumatic systems and 
components. 

E.2. Development of techniques for vibration 
and/or climatic testing as applied to electronic 
equipment and design of associated test gear. 

E.3. Development work on reinforced plastics. 

E.4. Design of missile autopilots, simulators and 
computors. 

E.5. Design of U.H.F. and Micro-wave Trans- 
mitters and Receivers. 

E.6. Design of transformers and magnetic 
amplifiers, with good general knowledge of 
electrical properties of materials. 

E.7. Design of electronic circuits and servo 
mechanisms. 

E.8. Engineering development of missile electronic 
equipments. 


TECHNICAL ASSISTANTS, with Degree, Higher 
National Certificate or equivalent, and experience in 
one of the following categories :— . 

T.1. Development and test of high-pressure 
hydraulic or pneumatic systems and 
components. 

T.2. Environmental testing of missile components. 

T.3. Manufacture of prototype missile electronic 
equipments to M.O.S. specifications. 

T.4. Manufacture of reinforced plastic com- 
ponents and potting of electronics. 

T.5. Development and test of instrumentation for 
missile trials. 

T.6. Development of missile autopilots and 
analogue computers. 


LABORATORY ASSISTANTS, preferably with 
O.N.C. or equivalent. 


L.1. Assembly, test and maintenance of hydraulic 
and pneumatic systems and components. 

L.2. Drawing and constructing test rigs used for 
mechanical and environmental testing. 

L.3. Manufacture of prototype electronic equip- 
ment and electro-mechanical devices. 
Layout and wiring from circuit diagrams and 
sketches, chassis work and simple machining. 


DRAUGHTSMEN, with two years’ experience or 
more, as follows :— 


D.1. Design of ground airborne or missile types of 
radar equipment. 

D.2. Design of small mechanisms such as missile 
autopilots, and electro-mechanical com- 
putors embodying gyroscopes, accelero- 
meters, small motors, gearboxes, etc. 





Apply to Employment Manager, Vickers- 
Armstrongs Limited (Aircraft Division), Weybridge, 
Surrey, giving full particulars and quoting reference 
EO/G.W./reference number above. 


Weybridge station is 30 minutes from London 
on the main Waterloo/Portsmouth line. 


Additional buses operate to and from the Works at 
starting and finishing times. 


Canteen facilities. 










































‘ The Thinker’ 
by Rodin 









DYNAMIC 
REPOSE 


This fine work by Rodin is surely the 
personification of latent power. In 
industry and commerce Tan-Sad 
chairs are, through correct posture, 
conserving this energy and producing 
mental alertness and efficiency. With 
Tan-Sad seating, man is indeed 


a giant refreshed. 


May we send you details of 


Tan-Sad 


POSTURAL SEATING 
FOR INDUSTRY 
AND COMMERCE 


THE TAN-SAD CHAIR CO. (1931) LTD. 
AVERY HOUSE CLERKENWELL GREEN LONDON - E.C.I 
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Name a part you require. Webb’s 
can provide it from their large stocks 
of ‘all types of component parts and 
complete apparatus. 


Phone GERrard 2089 for immed- 
iate service. 








GN Z.wec 


14 SOHO ST., OXFORD ST., LONDON, W.lI. Phone GERrard 2089. Shop Hours 9 a.m.—5.30 p.m. Sats. 9 a.m.—I p.m. 



























Designed to utilise the present A complete WODEN range of her- 







range of ‘‘C’’ type ccres. The metically sealed transformers and 

cast resin component gives com- chokes comprises 32 sizes covering 

plete mechanical and climatic transformers from | Va to 2 kVA and 

3 protection for coreand windings. the usual range of chokes. Made to 
; Cast Resin Good heat dissipation : robust conform to the relevant inter-Service 
Transformers terminals and fixing bushes. specifications RCS.2!14 and RCL.215. 












A wide range of capacities for trans- 
formers and chokes. Vacuum impreg- 
nation and special compound filling 
ensure complete reliability. Suitable 
for exacting industrial and climatic 
conditions. Neat and clean in equip- 
ment. 









Hermetically sealed 
*C” Core Units. 
















Woden Shrouded and Open-Type 
Transformers combine first class 
engineering with a popular highly 
competitive product. Finest quality 
materials used throughout; vacuum 
impregnated and rigidly tested. 


In addition to the types shown, we manu- 
facture a great variety of Transformers 
ee for all electronic applications. Also 
” Power Transformers up to 750 kVA. 





Open-type 
Transformers 








Potted Compound 
Filled Transformers. 







Catalogues available on request. 







Shrouded MOXLEY ROAD -: BILSTON - STAFFS. 


Transformers. 


<{fo0tn>  . WODEN TRANSFORMER CO. LTD 








sy Felz: BIESTON: 4959 


Sm aa 





AUGUST ELECTRONIC ENGINEERING 


1954 


















DONOVAN 


ACCESSORIES 
for the 
jh ters fe), ile 
APPARATUS 
A.C. POWER 
MANUFACTURER RELAY 


4-Pole Open Style 











TYPE J.96 
TERMINAL BLOCKS 












Type C.30 PUSH BUTTON UNIT 


arranged for mounting on Made in 15, 
customers’ own cover plate. +e Mag 






THE 
Safuse Works 





edailielae| 


EQUIPMENT FOR 


RESEARCH 


AND 


DEVELOPMENT 


% Vibration 
Equipment 


% High Speed 
Electric Counters. 


* Strain Gauge 
Equipment 











% High Accuracy i 
Tachometers NEOSTRON COUNTING UNIT 
Vaive-triggered counting unit, in- 
corporating D.W.A. High-Speed 
Pulse Register, for accurate timing 
applications where the instrument 


* Temperature 


° 
Measuring counts tuning fork oscillations, or 

: any other rotary or oscillating 
Equipment motions using photo-electric or 


other pick-ups. 





cl 


Qe 
$s 











CHELTENHAM ENGLAND 
VELEPHONE $3606 TELEGRAMS “INVENTION” 
x/DWa. .t 
ELECTRONIC ENGINEERING 


DONOVAN ELECTRICAL CO. LTD. 
Birmingham, 9. 








ELECTRO- 
MAGNETIC 
COUNTER 





MAJOR TYPE 6 x I} x I} ins. 

3 ohms operates on‘ 3/6 Vo. D.C. 
500 ohms operates on 18/24 Vo. D.C. 
1,000 ohms operates on 100/110 Vo. D.C. 
2,300 ohms operates on 200/230 Vo. D.C. 


17/6 Post & Pkg. 9d. 


MAGNETIC RELAYS 
UNISELECTORS 
KEY SWITCHES 


BBVA PPP PAPUIAPUVAVOV™M——? 


2 JACK DAVIS (RELAYS) LTD. @ 


§ Dept ‘E’ 36 PERCY STREET, LONDON, W.! § 
§ MUSEUM 7960 LANGHAM 4821 
AAMAAAAAAAMAAAAAMAMAMD 











“FREQUENCY METERS 


SIZES : 2}” to 8” 


UP TO 5000 CYCLES 
PROMPT DELIVERY 





also the new SYNCHROSCOPE 
M.C. KILOVOLTMETERS 


and full range of Switchboard Instruments. 
Ask for illustrated Catalogue 


‘THE ELECTRICAL INSTRUMENT 
CO. (Hillington) LTD. 
HILLINGTON, GLASGOW 


) London stockists, H. A. Patterson, 156 High Holborn. 
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luction of small automatically made pieces in 
ication apparatus. 


Quantity 


Steatite, Porcelain, and Rutile materials 
and heating equipment, and 








GEO. BRAY & CO. LTD., Leicester Place, Leeds 2. 


Tel. : 20981/9. Grams.: “ Bray, Leeds” 








No substitute for 





QUALITY 




















THE requirements of the 
electrical industry call for compo- 
nents of the highest quality. That is 
why CRESSALL Rheostats, 
Potentiometers, Resistor Units, 
etc., are designed and construc- 
ted to meet the most exacting 
conditions. Their quality is 
based on over forty years’ ex- 
perience of manufacture — a 
guarantee for long service 

and satisfaction. Whatever 
your requirement, there is a 
CRESSALL component to meet 
every need in the whole 
power range. 





THE CRESSALL MANUFACTURING CO. LTD 


TOWER STREET BIRMINGHAM 19 
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Ive just realised 


[als iy provides the answer 


You would be surprised how many times 
felt does provide the answer. Seldom 
in the limelight, this amazingly versatile 
material serves industry in a thousand 
ways. If it is not already serving you, it 
will be worth your while to consult 
Coopers who will be pleased to discuss 
your problem. 


COOPERS 


Please send enquiries to : 

Head Office & Works: COOPER & Co. 
(B’ham) Ltd. Brynmawr, Breconshire. 
Tel.: 312. Telegrams : Felting, Brynmawr. 
Registered Office & Works : Little King St., 
Birmingham, 19. 














THE MULLARD RADIO VALVE CO. LTD. 


has staff vacancies in its Central Testing and Quality Department. This 
department deals with the control of the quality of all the vacuum tube 
and semi-conductor products of the Company, using both direct and 
statistical methods and is responsible for the investigation and further 
development of these methods, . 


Assistants are required for the following vacancies :— 


Rer.: The design and construction of apparatus and equipment 

W.6 for testing radio valves and other vacuum devices. A 
knowledge of pulse techniques is involved. 

Rer.: The testing by quality control methods of cathode ray 

W.7 tubes of all types: Liaison work with other departments 
will be required. 

Rer.: The supervision of a small section carrying out quality 

Ww.8 control testing and special measurements of receiving 
valves. Liaison work with other departments will be 
required. 

Rer.: The testing of klystrons and similar U.H.F. devices and 

wo the development of testing techniques for this purpose. 

Rer.: Testing and experimental work on semi-conducting 

W.10 devices of the crystal diode and transistor type. 


Applicants for the above posts, which are permanent, should be 
Physicists or Electrical Engineers and should possess a University Degree 
or equivalent qualification. 


In addition to the above posts there are a number of less senior posts 
available for work in similar fields, for applicants who possess Advanced 
Level G.C.E. in science subjects or equivalent qualifications or who are 
pursuing courses leading to H.N.C. or external degrees. Such applicants 
should quote reference W.17. 


For both grades previous experience is desirable but not essential. 


The vacancies outlined above are at or near the Company’s Mitcham 
factory and are due to the expansion of its activities in these fields. 
Salaries will be according to individual age, experience and qualifications 
and can be considered.as progressive. Company policy regarding the 
employment of scientific staff provides adequate prospects for advance- 
ment and breadth of outlook is assured by opportunities of transfer to 
other fields of work within the Company’s activities. There are facilities 
for further training and a Company Pension Scheme. 

Applications in writing, which will be treated in the strictest confidence, 
should be addressed to the Personnel Officer, The Mullard Radio Valve Co. 
Ltd., New Road, Mitcham Junction, Surrey, quoting the appropriate 
reference number. 








ELECTRONIC ENGINEERING 











This unique 
BENDER... 
Quickly and Accurately 
forms Angles, Channels, 
Sections, Boxes, Lids, 
Trays, Tanks, Chassis 
Brackets, Clamps, Clips, 
Shrouds, etc. 
Chemical, Electronic and 
Electro Medical Appar- 
atus. Used by leading 
Radio Manufacturers. 


For 6 page Folder apply 


A. A. TOOLS (ce) 


197a, WHITEACRE ROAD, 
ASHTON-U-LYNE 











A. BORLAND LTD. 
ENGINEERS 


TURNED PARTS IN FERROUS OR 
NON-FERROUS MATERIALS TO 
CLOSE LIMITS. CAPACITY FOR 
SPEEDY DELIVERY UP TO 2}’” 


Your enquiries invited 
39/40 SUMMER HILL ROAD, 
BIRMINGHAM, | 














 BRAUMATIC -}-— 


For Quality Recording 
— Consult BRADMATIC 


<> 
Vv 





TAPE DESKS AVAILABLE 


Model 5D (taking up to |0}in. reels)........ £50 0 0 
Model 5C (taking up to 93in. reels).......... £47 10 0 
Model 5B (taking up to 7in. reels)............ £42 0 0 


All with two speeds, 3} and 7} i.p.s. Twin track 
heads. Push button control. Three heavy duty 
motors. Three separately shielded heads. 


PORTABLE RECORDERS 


In rexine covered case, fitted with model 5B tape 
desk, type D.2. C.J.R. amplifier with monitoring. 
Provision for external loudspeaker. 

PRICE: £117 (without microphone). 


HIGH FIDELITY SOUND HEADS 


Type 5RP (Record/play), £3/5/-. Type 6RP (super 
fidelity), £3/15/-. Type 5E (Erase), £3/5/-. Mumetal 
Screening cans, 8/6. Amplifiers, microphones. All 
types and sizes of magnetic tape. 


Trade supplied. Send for Lists. 


BRADMATIC LIMITED 
STATION ROAD . ASTON . BIRMINGHAM 6 
Phone: EAST 2881-2. Grams : Bradmatic, Birmingham 








GIVE YOUR WINDINGS 
A GOOD LIFE 


impregnate with a 


BLICKVAC HIGH-VACUUM IMPREGNATOR 


Full range of models available to meet the needs of 
* the large-scale Producer 

%* the Research Laboratory 

* the small Rewind Shop 


BLICKVAC UNITS MEET THE MOST 
STRINGENT SPECIFICATIONS. 


Outstanding Features : 

Ease in control 

Simple attachment of 
auxiliary autoclaves 

Fully demountable to 
facilitate cleaning 

Best quality fittings 
throughout 

Unequalled flexibility and 
performance 

@ Units available suitable for: 


VARNISH, WAX, BITUMEN, POTTING RESINS 


If your problem is Coil Impregnation 






, CONSULT BLICKVAC 
Write today to Hamilton Road Works, Hamilton Road, S.E.27 
GIPsy Hill 4394 


Associated with Blick Time Recorders -Ltd., Blick Engineering Ltd. 








INDUSTRIAL PROBLEMS 


Why wait for delivery of Essential Electronic 
Instruments ? 
We can supply your needs AT ONCE from our VERY LARGE Stocks 








of the following turers instr 3 
Advance Electronic Instruments 
Ave Taylor 
Cossor Telequipment 
Dawe Waveforms 


For immediate delivery, consult :— 


A. C. FARNELL LTD., 15 Park Place, Leeds, |. 
Telephone: Leeds 32958/9. 


(Official Agents for Advance, Avo, Cossor, Dawe, Wave’orms, 
Taylor and Telequipment). 
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Have your reserve plant 
PLASTIC SPRAY COATED 


and you can then safely and 
economically store it in the open 


on your own premises 











Valuable productive space can be saved in Factory and 
Depot by the moving outside of equipment that for any 
reason is temporarily out of commission. 


Specialist mobile teams developed and trained by Export 
Packing Service Limited are now available to carry out 
Plastic Spray Preservation for many types of equipment 
and machinery ‘on site’ Using a brand of coating 
approved by Ministries and Services, a water- and 
moisture-vapour-proof skin of various thicknesses can 
be provided to give whatever protective life is required. 
This skin affords complete protection against corrosion, 
and is easily removable, leaving the equipment ready for 
immediate use. 


EXPORT PACKING SERVICE LTD. .’ A 7 


. . ae] 
Imperial Bidgs., 56 Kingsway, London, W.C.2. 3 E 
Telephone: CHAncery 5121/2/3 > 
and at: a 
CARDIFF - BANBURY * MERTHYR * SITTINGBOURNE AG, < 
XING © 


ce 
aestty \RE> 





The ‘Tophet’ range of resistance materials is eminently suit- 
able for use under the most exacting conditions as the physical 
and mechanical properties always remain constant, ensuring 
long and efficient service. 

Our RESISTANCE HANDBOOK gives complete electrical 
and physical data regarding ‘Tophet’ resistance wires, stainless 
steels and ultra fine wire, as well as particulars of our ‘Truflex* 
thermostatic bimetal. 


Manufactured by GILBY“-BRUNTON LIMITED 


HEAD OFFICE & WORKS: SEAMILL, MUSSELBURGH, SCOTLAND 
Telephone : Musselburgh 2369 


LONDON OFFICE: 47 WHITEHALL, S.W.!. Tel : WHitehall 6058 





AUGUST 1954 








| 
| 
| 
| 


107 








THE FAIREY AVIATION COMPANY 


LIMITED 
Heaton Chapel, Stockport 


have the following vacancies on GUIDED 
WEAPONS, of unusual interest and opportunity :-— 


(a) ELECTRONIC ENGINEER to maintain 
micro-wave/pulse test gear. Practical fault- 
finding experience on radar or similar 
equipment essential (ref. No. 101). 


(b) ELECTRONIC ENGINEER to maintain and 
operate Analogue Computers for Flight 
Simulation testing. Applicants should be of 
H.N.C. standard with electronic and preferably 
some servo-mechanism experience (ref. No. 
102). 


(c) ELECTRO-MECHANICAL ENGINEER to 
be responsible for a team testing servo- 
mechanisms and associated electronic equip- 
ment. ‘Applicants should preferably be of 
H.N.C. (Elect.) standard and have had some 
electronic experience (ref. No. 103). 


These are Weekly Salaried posts with benefit of Staff 
Pension Scheme and Welfare Facilities. 

Successful applicants will receive specialized training. 
Applicants to give full details, in confidence, of 
training, experience, etc., quoting reference number 
of position sought, to :— 

THE EMPLOYMENT MANAGER, 
Heaton Chapel Works, Stockport. 











Miniature bearings 


TO ALL SIZES AND 
SPECIFICATIONS 








/ 
ALL-BRITISH | 
BALL & PARALLEL 
ROLLER BEARINGS 
F.B.C FISCHER 


FISCHER BEARINGS CO. LTD 
WOLVERHAMPTON 
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“ Q@-MAX ”” 
GRID DIP OSCILLATOR 
G.D.O/IA 









Covers 1.5 to 300 Mc/s a, 

in 8 ranges with built-in 4 

A.C. Power Pack. j 
Usable as— 


Indicator of resonant 
frequencies, 


Absorption wavemeter, 
Phone monitor, 
Oscillating detector, 


Unattenuated signal 
generator. 


< 


yer 


* Q-MAX”’ 
CHASSIS 
CUTTERS 


Patent No. 619178 
SPEEDY, ACCURATE 


8” ee 
1”, 18” or 12” 
+4 or |}” 


hs 


sie ast 


PRICE 12 GNS. 





@ Catalogue of quality 
products on request 





1” square = j= 
j Keys—small 10d., 

medium 1/3, large 1/9. 
25 HIGH HOLBORN 


LONDON . W.C.I 
Fhone; HOLborn 6231 





BERRYS 


(SHORT WAVE) LTD 





POLYTHENE 
H. F. EQUIPMENT 


(AMBYTHENE BRAND) 


ENQUIRIES INVITED 
FOR SPECIAL MOULDINGS OF 
COMPONENTS 


AMPLEX APPLIANCES (KENT) LTD. 
19 DARTMOUTH ROAD, HAYES, BROMLEY, KENT. 
(RAVensbourne 5531) 








All export enquiries to 


ANTEX LTD., 3, TOWER HILL, LONDON, E.C.3 

















+ 


‘ oe 4 ‘ : 
Harwin Engineers Lid., 101 Nibthwaite 2Road, 


Harrow, Middlesex 
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THOS. ALLNUTT & CO. 


Metal Thread and Wood Screws 

Turned or Pressed Nuts, Plain, 

Shakeproof and Spring Washers 
for all purposes. Wing Nuts. 





SOLDERING TAGS 
AND EYELETS 


LEE CHAPEL LANE 
LANGDON HILLS, Essex 


Telephone: LAINDON 122 
Home & Export 

















BELCLERE 


MINIATURE 


Standard Input [ee 
TRANSFORMER |S | 


Small, efficient, low priced, size |” x 3” x ?” overall as illustrated. 
Uses : For coupling inputs of 3-150 ohms to normal type pentode 
valves. Specification : Ratio 1-50, Primary 3.5 ohms. Secondary 
inductance 160 H at 1,000 c.p.s. Range 6} octaves + 2 db. Finish 
varnish dip, encapsulated block or mu-metal screening can. 


Quick delivery—low price—maximum efficiency. 
JOHN BELL & CROYDEN, I!7 HIGH STREET, OXFORD 
Telephone : 47072 a Cables : Belclere, Oxford 


°‘B-W’ CLIMATIC 
TESTING CABINETS 


The Cabinet illustrated was 
specially developed for 
testing electrical and other 
components under a wide 
range of humidity and 
temperature conditions, and 
is the accepted unit for 
tests to Specifications 
RCS11, K114, etc. It is 
just one of the many 
products in our wide range 
of equipment designed by 
specialists to meet every 
industrial heating require- 
ment. 











Write for details today. 





Also available as dry heat LABORATORY OVENS with close control. 


*B-W’ STANDARD PRODUCTS INCLUDE 


* FURNACES * OVENS 

* GLUE HEATERS * WAX TANKS 

* DIP POTS * TINNING BATHS 
INDUSTRY NEEDS HEAT — YOU NEED ‘B-W° 





(Bi: Bartow Whitney 


Cat 





All enquiries to : 
SALES OFFICE : 2 DORSET SQ., LONDON, N.W.1!. AMBassador 5485 
WORKS : NEASDEN & BLETCHLEY. 
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REDUCE YOUR 
PRESS TOOL COSTS 





THE HUNTON UNIVERSAL BOLSTER OUTFIT 
FOR SHEET METAL PIERCING AND 
BLANKING ON FLY PRESS 


E 
Bolster Frame with y 


2 adjustable gauges 
and insertable steel 
holders for Dies 
4 in. to 33,in. bore 
diameter. 

















Two Punch Holders 
with detachable 
positive-action 
Strippers take the 
complete range of 
Punches $ in. to 
3} in. diameter. 





Equip your Press with the 
Hunton Outfit and use inexpensive 3 
standardised Punches and Dies } in. to 3} in. diameter 
btai le from stock—in », in. sizes—when you need them. 
Standardised Tools also available at short notice for Square, Oblong 
and other shapes, Louvre Forming (up to 8 in. long), Corner 
Notching, Corner Radiusing, Angle Iron Notching and Piercing, etc. 
Get the outfit now—Buy rans Dies and tools as you need 
them. 





Descriptive brochure and prices’on request. 


HUNTON LIMITED 


Phoenix Works, 114-116, Euston Road, London, N.W.I. 
Telephone : Euston 1477 





Telegrams : Untonexh, London J 












MOULDED 
_ RUBBERS 


a TECHNICAL SERVICE 





Electronic Engineers are 
changing to thee Newtee 


‘MINIMOUNT? . 


COMPONENT MOUNTING SYSTEM 
(Brit. Pat. Appl. for) 


because...... 
* it is so simple 
% it is so versatile 
%& it reduces stock problems 
%* it gives better joints more quickly 
%* it simplifies identification 
% it is best for development 
%* it ts best for mass production 


%*& it is so inexpensive 


ASK FOR LEAFLET 52/9A FROM 


JOYCE, LOEBL: C°-L™- 


Vine Lane, NEWCASTLE-upon-TYNE, |. 














A VERY SENSITIVE ELECTRONIC RELAY FOR A 
WIDE VARIETY OF LABORATORY APPLICATIONS 











This Electronic Relay is a device for switching apparatus demanding 
heavy operating current where it is undesirable for the controlling 
medium to carry such current. It is ideal for use with contact 
thermometers or mercury-toluene temperature regulators and yields a 
degree of reliability and precision of operation of the highest order 
obtainable with this class of apparatus. 


A.C. Mains Operated — Controls up to | KW. 
PRICE £6-6-0 — LEAFLET ON APPLICATION. 


Labgear (Cambridge) Ltd. 
Tel. 2494/5. WILLOW PLACE, CAMBRIDGE 
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OVER 


25 YEARS 


EXPERIENCE 





Thermo-Setting 
Plastic Mouldings 


Those ‘' bits and pieces *’ that go into 
the complete assembly make all 
the difference to the efficient 
working of the final product 


As manufacturers of small com- 

ponents in the field of electronics, 

we have had long experience in 
producing THERMO SETTING 
PLASTIC MOULDINGS with 
accuracy and precision. 





Your enquiries will receive our prompt 
attention. 





HARRISON BROS 


(PLASTICS) LIMITED] 


39-43, BRANSTON St BIRMINGHAM‘18 


Telegrams: 
“ ARISUN, Phone, B'ham" 


Telephon : 
COLmore 4270 




















LEEVERS RICH 


For clean, — noise-free 
Recordings—the 


LeeRaser 


Tape De-magnetiser—as 
supplied to B.B.C. and 
leading recording studios. 
MODEL B (up to 7” spool capacity) £9. 10. 0. ) Tropical 

MODEL C (up to 12” spool capacity) £15.0.0. J Specification 


LEE VERS-RICH EQUIPMENT LTD. 


Monufacturers of high quality magnetic recorders 
37, WARDOUR STREET, LONDON, W.1I. GER. 4502. 


RRR 
FIRE! 


AT 25, PICCADILLY, W.1 


NU-SWIFT! 


Not yet visited the new Nu-Swift 
Fire Protection Centre? Call when 
you're next in the West End. You'll 
be very welcome ! 
Nu-Swift Led., 25 Piccadilly, W.1. REGent 5724 


In Every Ship of the Royal Navy 


A.C. MAINS 
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a 
| A.1.D. APPROVED 


VALVE xoh8ox COIL 


BRITISH 
RETAINERS WINDERS 
FOR ALL VALVES TO M.O.S. 
~) $ eS 


H. COLLARD HART LTD. 


Specialists in the manufacture of coils, H.F. & I.F. 
chokes, etc., and small electronic and electrical 
components to customers specification. 


‘Bumena CRAVEN STREET, SALFORD 5. 


le 





Here's a Bush... 0 
That WONT come out, 
ie: ell =: 

With Snap Action Assembly 


Simple finger action instantly assembles 
this bush, yet its design is such that 
it provides complete security. Non-metallic, 

high dielectric, fully tropical. Approved all 
services. Samples and literature on request. 


INSULOID MANUFACTURING CO.LTD. 


SHARSTON WORKS, LEESTONE AVE,WYTHENSHAWE MANCHESTER 
Tel: WYTHENSHAWE 2842 




























INSIST ON HIFI 
Type HO/500 )\ 20-20,000 
Type,HO/50 /f cycles 


Type HO/S00A \ 20-40,000 
Type HO/59A cyc es 





for Precision 
Oscillators 


ULUAHANNL ATAU 








Type HO/50 giving 0°66 watts 


output 
Type HO/500 giving 5 watts 
ieee Es 
% Scale Calibration Accuracy 
9, 


of 1%. 
% Supplied in 2 Standard Fre- 
!@ | quency Ranges. 
% Output Voltmeter Fitted. 
% Built-in Attenuator. 
*% High and Low Impedance 
wt @ Output. eal 
Look for the Registered Trade Mark 


Hifi Ltd DERRY ST., BRIERLEY HILL, 
e STAFFS. Telephone: Brierley Hill 7604 


REGD TRADE 

















110 AUGUST 1954 



































THE MULLARD RADIO VALVE CO. LTD. 


has staff vacancies in its Valve Measurement and Applications Laboratory. 
This department is.concerned with the uses of thermionic devices of all 
kinds rather than with their manufacture. It provides information to the 
valve user, the development departments and to the manufacturing 
departments. For these purposes it carries out dynamic measurements 
and conducts circuit investigations connected with new applications. 
It also undertakes the design of some of the more specialised test equip- 
ment required for these investigations. 

Due to expansion in this department, applications are invited from 
Electronic Engineers and Physicists for posts concerned with the following 
fields of specialised work. 


Rer.: (1) Gas or mercury vapour thyratrons and rectifiers. 
w.ii 

Rer.: (2) Ultra high frequence valves such as magnetrons, 
W.12 klystrons and travelling wave tubes. 

Rer.: (3) Transmitting valves for communications and general 
W.13 industrial uses. 

Rer.: (4) Pulse techniques associated with U.H.F. devices 
w.14 and thyratrons. 

Rer.: (5) Receiving valves used for frequencies between 100 
w.15 and 1000/M/Cs. 

Rer.: (6) Valves and semi-conductors used in computing and 
W.16 switching apparatus. 


Applicants for any of the above posts should possess a University 
Degree or equivalent qualification and previous experience in similar 
work, although not essential, is considered an advantage. 


In addition to the above posts, there are a number of less senior posts 
available for applicants who possess Advanced Level G.C.E. in science 
subjects or equivalent qualifications or who are at present pursuing courses 
—“ " H.N.C. or external degrees. Such applicants should quote 

ef. W.17. 


The vacancies outlined are at or near the Company’s Mitcham factory. 
Salaries will be according to individual age, experience and qualifications 
and can be considered as progressive. Company policy regarding the 
employment of scientific staff provides adequate prospects for advance- 
ment and breadth of outlook is assured by opportunities of transfer to 
other fields of work within the Company’s activities. There are facilities 
for further training and a Company Pension Scheme. 

Applications in writing, which will de treated with the strictest con- 
fidence, should be addressed to the Personnel Officer, The Mullard Radio 
Valve Co. Ltd., New Road, Mitcham Junction, Surrey, quoting the 
appropriate reference number. 








Thinking of 
) TRANSFORMERS? 


'WENTY-ONE years specialist 
experience in the field of quality trans- 
former design have put Partridge ‘‘ at the 
top”. 
Among those regularly specifying 
** Partridge’ for standard and special 
types are the National Physical Labora- 
tory, B.B.C. and the Research Establish- 
ments of the Government and Industry. 





Remember... 


* Many of the prominent amplifier circuits 
including those published by the G.E.C. 
and Mullard Technical Departments 
employ Partridge transformers. 


* Partridge can supply from stock all 
components for the famous Williamson 
Amplifier. 

*x 


All Partridge Audio Components are 
available in the potted mounting style 
for continuous operation with a large 
safety Factor, 


Over 100 Standard Types 


Illustrated are only two of the mountings available in 
the Partridge range. Ask for Catalogue of over 
100 Standard typs available from stock. 


‘Consult the Specialists 


PARTRIDGE TRANSFORMERS LTD. 


TOLWORTH : SURREY . ELMbridze 6737. 








AIR 
DIELECTRIC 
TRIMMER 


(Protected by 
Acetate Case) 





Capacities from 4 to 7OpF in 
voltages of 500 and 1000 D.C. 
Width 16°5 mm. 


Length 22 mm. 


O 
xX 
L. 


Acetate dust cover optional. 
Insulation over 10,000 megohms. 
Power factor less than COI. 





DEVELOPMENTS CO. LTD. 


ULVERSTON, NORTH LANCS. Tel: Ulverston 3306 





FROM STOCK :— 


METERS 





24”, 34” Round Flush. 

4’ and 5” Square Flush. 

In ranges 100 A. 250 vA. and | mA. 
(Special calibrations 14 days). 


HOURS METERS 
34” Round Flush. 


TOTAL TIME RECORDERS 
10,000 hours. 
AUTOMATIC INDUSTRIAL TIMERS 


FREQUENCY METERS 
4” Square | 
t 


50 c/s., 60 c/s., 400 c/s. 


ELECTRONIC COUNTERS 
INDUSTRIAL. 


LOW RESISTANCE. TEST SETS 
Portable. 0.01—10,000 ohms. 


STABILIZED POWER SUPPLIES 
Various Outputs. | 


GALVANOMETERS 
100—0—100. microamps. | 





All new equipments to F.G. specifications. f 


Henry A. Patterson & Partners Ltd. | 

iY ELECTRONIC ‘LABORATORY FURNISHERS} | 

[56° High Holborn, LONDON, W.C.1. | 
Phone: CHAncery 7717 

and at High Wycombe Phone: PENN 2334 | 
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Whether it is straightforward sheet steel cases 
for Electrical Equipment or the most compli- 
cated fabrication in any metal—the experience 
of half a century is at your service. 


RITHERDON & CO. LTD. 


Lorne Street, Darwen, Lancashire 
Telephone : Darwen 1028 Established 1895 












PROMPTLY 
ACCURATELY 
& EFFICIENTLY from 


PRESCOTT MANFG. CO., LTD, 


SPENCER STREET, BIRMINGHAM, [8 
Telephone : CENTRAL 2933 








4 . < t 
e : ty 
4 é 

—— Be 

~wZ 2 
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RELIANCE 
SYS DPASLSAASSALA 
RELIANCE MNFG., CO. (SOUTHWARK), LTD., 


SUTHERLAND ROAD, HIGHAM HILL, WALTHAMSTOW, €.17 
3245 


Teler ec. Larkswood 
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“BOLDRE” 100 WATT 
STABILISED POWER UNITS 


VERY. VERSATILE UNITS 


Input 80—250v. | Output + 150—500v. 
50—1,500v.~ | 100 watts, 300m.A. max. 


2 independent auxiliary outputs of Lower Power from 
8 ranges covering + 0O—Ik.v. : others to specification. 


PRICE from £59-10-0 


Skeleton model for incorporating in other equipment £44-0-0 


NEWTOWN INDUSTRIES, Lymington, Hants. 


Telephone : Lymington 970. 





Impedance 3. 
Ripple 3m.V. 








INSULATION 


Our products include— 

Presspahn and Leatheroid ; Pressboard ; Vulcanized Fibre ; 

Cable and Red Rope Paper ; Bakelite and Ebonite ; Varnished 

Paper and Tapes ; Varnished Silks and Tapes; Varnished 
lass and Tapes ; Varnished Cambric, Silk, Glass and P.V.C. 

Sleevings ; Cotton Tapes, Webbings and Sleeving ; Chatterton 

Compound ; Adhesive and Rubber Tapes. 


PRESSPAHN, LTD. 


Bradford, Yorks, England 
Established 1900 


aeolsténe, 











“LecraicA 














Telephone : 
Bradford 25135 (Pvt. Br. Ex.) 


Telegrams & Cables : 
** Presspahn, Bradford ” 





snsutArio, 








RATED TO B.S.S.1799 
a 


6.wiNDUCTION MEATER 
tatht Worl 
U.K. PRICE £875 
FOR SOLDERING, BRAZING & HEAT TREATMENT 


@ OTHER MODELS AVAILABLE I kW. TO 45kW. OUTPUT 


radio heaters ltd... woxmcnam . Berks . ENCLAND. 
Phone: Wokingham 1030-1-2 Grams: Radyne, Wokingham 
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SYLVANIA — THORN 
COLOUR LABORATORIES LIMITED 


Appointment of Senior 





Electronic Research Engineers. 





A few exceptional opportunities for senior elec- 
tronic research engineers of outstanding ability occur 
in this newly-established organisation owned jointly 
by Thorn Electrical Industries Ltd. and Sylvania 
Electric Products Inc. of U.S.A. 


Only men of the highest calibre possessing appro- 
priate academic qualifications and experience will 
considered. The laboratories are located in the 
London area and the work will be carried on in close 
co-operation with American laboratories. 


Emoluments offered are commensurate with the 
responsibilities involved and include provision for life 
insurance and pensions. 


Applications, which must be made in writing, 
giving full details of age, education, qualifications and 
experience should be addressed to 


The Managing Director, 
THORN ELECTRICAL INDUSTRIES LTD., 
105, Judd Street, London, W.C.1. 


















‘ULTRA LOW 


capacitance « attenuation 


38 STOCK TYPES ic. 
for your 
STANDARD or SPECIAL 
APPLICATIONS 


RAN: > 





om U.G. CONNECTORS-R.G. CABLES 
~ TRANSRADIO LTD. 138. Cromwell Rd. London SWZ rresa2r 











To Designers and others interestedin... 


* Alloys for Glass to 
Metal Seals wit Expansion 


Co-efficients to absolute Values 


* Pure Metals and Alloys 


for Vacuum, Thermionic and X-Ray Tube 
manufacture 


* Bi-Metals and Thermo- 
Expansion Alloys 


* Electrical and High 
Temperature Resistance 
Wires, Strip and Tapes 

IMf(PORT DIVISION OF .. . 


The TETRA Engineering (Co., Lid. 


Representing 
HERAEUS. VACUUMSCHMELZE A.G. and 
ISABELLEN HUETTE 


(Makers of the Original Manganin Alloy) 
1-3 REDHILL STREET, LONDON, N.W.1. 
Telephone ; EUSton 3707 PBX Telegrams : Tetcraft, Norwest, London 
SLL LP PLL LOD DDD DD LDL PDP DLP DLP Da DP 
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SPECIALISED 
PAPERS 
for the 
Electrical 
Industry 








Whatever the purpose—trans- 
formers, telephone and power 
cables or anything electrical 
that needs a good paper, Watson 
of a can supply yt = 
particular — tion. 

is available from our skilled staff 
with details of the range which 
includes Plastic base papers, 
Presspahns and various 
trical boards. 











R. & W. WATSON, LTD., 
LINWOOD, RENFREWSHIRE, 
SCOTLAND. 


London Office: Northgate House, 20-24, 
Moorgate, London, E.C.2. 

Birmingham Office: 439, Belchers Lane, 
Birmingham 9. 

Manchester Agents: Norbury Bros., 69, 
Piccadilly, Manchester. 
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SHORT BROTHERS & HARLAND 


have vacancies in their Research Department for the 
following additional staff to work on guided missiles 
and other interesting military and commercial 
projects. 


Mechanical Section : One Senior Engineer to develop 
hydraulic and pneumatic servos, precision mechanical 
devices, etc. 

Electronics Section: One Senior Engineer to control 
various groups engaged on computing, navigational 
and servo systems. 

Qualifications.—Honours Degree with at least five 
years good engineering development experience in 
appropriate field. 


These are permanent positions in an expanding 
organisation. 


Good salaries and prospects for men with initiative ; 
pension scheme ; assistance with housing. 


Send full particulars of age, qualifications and experi- 
ence, with salary required, to 


Short Brothers & Harland Ltd., 
Castlereagh Factory, Belfast, 
quoting Ref. No. E7. 





STEVENAGE RELAYS Lip 





@ Manufacturers of Type 3,000 relays with 
contacts and windings to customers 
requirements. 


@ Designers of relays to meet special 
requirements. 


@ Noused or second hand materials employed. 


For particulars apply : 
48 DOVER STREET, LONDON, W.1 
Grosvenor 1716 


















EO-A\XK PRECISION CONNECTORS 
Betlex on alf COUNTS 
22 set 


design 
machining 
performance 
price 

Sel delivery 


The most comprehensive range of 


U.S. CONNECTORS outside the U.S.A. 


€OAX Connectors 
€OAX Cables R.G. Cables 
Microdual drives 


TRANSRADIO LTD. 138ACromwell Rd. London SWZ rresezs 
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WILKINSONS TOOLS LTD 
-KERFOOT:> STREET am 
WARRINGT 
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| METAL PRESSINGS 


(Power and Hand) 
and 


| ROLLED METAL SECTIONS | 


R. W. SPURRELL LTD. 


Empire Woftks, Guest St,., 
| BIRMINGHAM, 19. 





Telephones : Northern 0934 & 3520 
Telegrams: ‘“‘ Ricspur, Birmingham’’. | 
| and Walsall Wood Works, Staffordshire. 
Telephones: Brownhills 3302/3. 


EMPTY 
or FULL? 


—we can supply 








Your enquiries invited for all 
kinds of Electro-mechanical 
Control Equipment. 





Up to P.O. standard 
rack sizes 


Development from drawing-board to production 


SUTTON COLDFIELD ELECTRICAL ENGINEERS 
Clifton St., Sutton Coldfield, Birmingham. Phone: SUT 5666 


“SPEARETTE” 


MINIATURE VALVE PIN ALIGNING TOOLS 





TYPES AVAILABLE FOR 
B7G - B8A - B9A - BIG 
VALVE BASES 
BENCH AND CHASSIS MOUNTING 


SPEAR ENGINEERING CO. LTD. 


WARLINGHAM * SURREY 
Telephone : Upper Warlingham 2774 








| THE SERVICE ENGINEER'S 
| FIRST CHOICE 





We Specialise in... 


MAGSLIPS SELSYNS 


and other 


ROTATING COMPONENTS 


for 
AUTOMATIC CONTROL SYSTEMS 


Brochure available from :— 


oo and € Slectronic Sales A td. 


1, HOPTON PARADE, STREATHAM HIGH ROAD, LONDON, S.W.16 
STReatham 6165 











ELECTRO-MAGNETIC COUNTERS 


COUNTING UP TO 9999 





TYPE 9G. TYPE I7A. 
500 ohms 3 ohms 
24/50 Vt. D.C. 2/6 Vt. D.C. 
15/- Post I/- 15/- Post I/- 


MANY OTHER TYPES IN STOCK. LIST AVAILABLE 


RELAYS, P.O. TYPE 3000 AND 600 


BUILT TO YOUR SPECIFICATION AT KEEN PRICES—QUICK 
DELIVERY—QUOTATION BY RETURN 


L. WILKINSON wie eteoat 
19, LANSDOWNE ROAD, CROYDON 
Phone : CRO 0839 WILCO "* CROYDON 


WHOLESALE 


Telegrams : * 














SPECIALISTS IN PACKING 
ELECTRONIC EQUIPMENT 


SYNTHETIC SUPPLIES LTD. 


ALBERT MILLS SILK STREET 


ECCLES MANCHESTER 
Telephones : ECCles 1720 & 3225/6 


Casemakers and general joinery 


: Packing and 
Preservation 


: Shipping and Forwarding Agents: 
Warehousing 


Contractors to the Admiralty, Air Ministry, Ministry of Supply 
& G.P.O. Approval No. B23789/40 











SOLENOID TYPE SA. 


Continuous ? Ib. at }’ 
Instantaneous to 6 lbs. 


100% PRODUCTION 
INSPECTION 


Larger and Smaller Sizes 
Available. Also Trans- 
formers to 6kVA 3 Phase 


R. A. WEBBER LTD. 


18, FOREST ROAD, KINGSWOOD, BRISTOL. Phone: 74065 


Cc. 


A. 
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a SPIRE 
SPEED NUT 


-and here’sf 





Nettlefolds N.P.K. Type ‘‘J’’ sheet metal screws have Like Nettlefolds other types of N.P.K. screws, Type “J” 








been specially designed for use with Spire Speed Nuts. are ‘Quality Controlled’ which means, quite simply: 
They are made with a coarse thread which speeds first class fastenings. 
assembly still further by requiring fewer turns to Type “J” can also be supplied with the well known 






tighten. Phillips Recess Heads. 
If it's a question of N.P.K. Hardened Self Tapping Screws get in touch with G K4 N 


GUEST KEEN & NETTLEFOLDS (MIDLANDS) LTD. SCREW DIVISION: BOX 24, HEATH STREET, BIRMINGHAM. 18 
s/P.NPK/2904 





















| 
BRITISH ELECTRICITY AUTHORITY | | TRANSFORMERS 
LONDON DIVISION | CHOKES 
Se | PHASE SHIFTING TRANSFORMERS 


COILS 4 


@ MADE TO YOUR SPECIFICATION IN ANY 
| QUANTITY AT COMPETITIVE PRICES 


Third Assistant Engineer 


(COMMUNICATIONS SECTION), TECHNICAL 





DEPARTMENT @ HIGHEST GRADE MATERIALS AND INSULA- 
Al TIONS USED : 
DIVISIONAL HEADQUARTERS @ DIE CAST FRAMES OR MOUNTING : 


BRACKETS MADE FOR ALL FITTINGS 





Applications are invited for this position based at i a 





Westminster, S.W.1. The section is responsible for W.L.R.S. LTD. 
the Construction, Testing and Maintenance of a | DELTA HOUSE, 30 FAUCONBERG RD., CHISWICK, W.4 
Private Communications System owned and main- CHIS. 0384 








tained by the Authority, using line, teleprinter and 
radio equipment and techniques. Previous experience 
on this class of apparatus is essential, and telephone HILTON RELAYS HILTON RELAYS HILTON RELAYS 
manufacturer’s works experience desirable. The 
Engineer appointed will be directly responsible to the 


Communications Engineer and deputise for him in ae g 
his absence. Preference will be given to candidates . & je f ae 








educated to University Degree standard, preferably 
in Physics or Light Current Electrical Engineering 
and with administrative experience. Commencing 















salary in range £801 3s.-£943 19s. with ultimate 
progression to £1,053 p.a., including London Allow- 
ance, in accordance with N.J.B. Agreement, Schedule 
C, Class AX/EX, Grade 4. The post is superannuable. 
Applications, quoting Vacancy Number 54/587, may 
be made on form obtainable from Divisional 
ee a PE eve Electricity Authorjty, London H i L T 0 N 
ivision, Generation House, Great Portland Street, 
W.1, and be received within 14 days of this advertise- E L E C T R l C C 0.LTD 
ment. 52.POOL ST WOLVERHAMPTON Phone: 22783 
HILTON RELAYS HILTON RELAYS HILTON RELAYS 
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' The. latest developments in 
Economy begins : pene 
permanent magnet materials and 








at the 
design stage... 


techniques can effect remarkable 
economies, provided they are 
introduced at the design stage. 





Send for Publication 
P.M.131/51 “Design and 

Appkcation of Modern 

Permanent Magnets” 






PERMANENT 
MAGNETS 








Made by the makers of 
“Eclipse” Permanent Magnet Chucks 


NEILL & CO. (SHEFFIELD) LTD. 
ae a ee | ENGLAND 


M.1. 
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4,5 and 6-dial. Ranges 0°l ohmto 
I11,1}l ohms. Accuracy + 0°1%. 
Maximum Loading 10 watts per 
dial. Non-inductive for mains and 
audio frequencies: metal-cased. 


ei IN 


INSTRUMENT COMPANY LTD. 
Tel. Dartford 2948 (3 lines) DARTFORD KENT. 








Vrinted in Great Britain by The Press at C 


belands, Ltd., Addl Surrey, for yy: Proprietors, Morgan Brothers (Publishers), Ltd., 28 Essex Street, 
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Carlisle Road, The Hyde, London, N.W.9,, 
Factories: London and Great Yarmouth, England: Trenton, Ontario, Canada: Erie, Pa., 


x a 
ERIE sub-miniature 


NOW 
AVAILABLE 
IN NINE 


TEMPERATURE 
COEFFICIENTS 





2 Se yie 


Illustrations 


Q FACTOR 
MIN. 





actual 831/P 100 
ne 831/NPO 
831/N030 
831/N080 
331/N150 
831/N220 
831/N330 
831/N470 

N75 
\._831/N750 








400 
670 
670 
670 
670 
670 
670 
670 


670 yy, 





—ONUOMmahAN 


~ 








As a result of the expansion of 
our refractory at Great Yarmouth, 
accomplished slowly and painstak- 
ingly over a number of years, we are 
now able to release Erie’ sub-miniature 
Disc Ceramicons in all nine temper- 
erature coefficients and, above all, 


in the bulk quantities, and, at the 
low prices demanded by modern elec- 
tronics. 

They are complementary to Erie 
Tubular Ceramicons which are also 
available in the same temperature 
coefficients. 


Resistor Ld 


*Registered Trade Marks 


England. Telephone: COLindale 8011, 


and Holly Springs, Miss., U.S.A 
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COMBINED SPECIFICATION FOR OSCILLO- Tailored for use with the oscilloscope and — 
SCOPE D 300 AND AMPLIFIER CA 411. built to the same standard, this new — 
Bandwidth: 2 c/s—6 Mc/s (6 db) gain x90. amplifier enables 1 volt signals to be © 
Input Impedance : 1°6 megohms shunted by 10 pf. displayed from 2 c/s—6 Mc/s, thus extend- — 
ing the use of the oscilloscope to television 
SPECIFICATION FOR AMPLIFIER CA 4]. and video applications. In addition it has 
Bandwidth : 2 c/s—6 Mc/s (3 db) on gains of 3, 10 and 30. ie oe.galin gig 5 
2 c/s—4 Me/s (3 db) on gain of 100. sensitivity of 10 millivolts for measurement — 
Input Impedance : | megohm shunted by 10 pf. of hum levels. It can also be used as a ~ 
Mains Input: 1 10, 200-250 volts 50c/s. Consumption 100 V.A. straight H.F. amplifier for increasing the © 
Dimensions: 7” <7” x 14”. Weight: 20 Ibs. U.K. Price: £55. output from oscillators, H.F. signal 


generators, bridges, etc., and may also © 
be used to increase trigger sensitivity. ~ 
For further details write to : Dept. E.1., 


SOLaRLRONW ELECTRONIC GROUP LTD 


Solartron Works, Queen’s Road, Thames Ditton, Sur 


Telephone: Emberbrook 5611. Cables : Solartron, Thames Ditt 
¥ 
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